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THE CALCULATION OF LINKAGE VALUES 
A GOMPABIBON OF VABIOUS 

BY 

MAHBTJB ALAM, M.Sc., 

Research StudeM, Botanical Section, 

(Eecoived for publication on 17th December, 1928.) * • 

I. Introduction. 

Undoubtedly the most direct method of finding out the Linkage-intensity is 
by making back-crosses between the heterozygous individuais and the double- 
recessive and counting the number of offspring belonging to each phenotype ; the 
proportions in which the various phenotypes are present will then directly express 
the gametic fixapiency. This method must always be used wherever possible, but 
its limitations are well known to geneticists and it is not always practicable. In 
most cases, therefore, we have to fall back upon the Fg population and try to get 
as accurate an idea o^f Fj gametic frequency as possible from the F^ distribution. 
It is therefore deakable to find out some mathematical method wMch can be general- 
ly used and which can be brought into a form well adapted to easy and quick mani- 
pulation without losing its efficiency. 

Within the last few years there have been a number of publications on the 
methods of calculating Liiikage-valiies and several formnlse have been developed 
to compute the gametic ratio from a given zygotic series of an F^ population. As 
a result of this, present day workers have to face the problem of deciding which 
method to choose rather than of finding out a new method. An endeavour has 
been made in the following pages to compare the various methods so far known 
and to discuss their merits and demerits and, if possible, to arrive at a method 
which would give satisfactory results in most cases. It has. aheady been pointed 
out by Collins and very recently by Fisher ^ that even among the best methods 
we may find some more suitable than others in special cases and that no one method 
should be regarded as the most acciuate for all classes of deviation from a normal. 
Ifiirther, we must keep in mind while considering such problems that comparative- 
ly easy manipulation of one method over another of almost equal efficiency gives 
decided advantage to the former. 


Collins, G. N. (1924). Measinemont of liukiigo value.s. Jour. Agrk. Res., 27. 881-891. 

® Pislier, B.. A., and Bliai Balmakund (1928). The est-iination of linkage from the offspring of 
solfed heterozygofces. Jour of Genetics, 20, 79-92. 
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it lias also been noticed by tbe writer that some of the older methods have a 
considerable disadvantage in that they deal with Coupling and Itepiilsion separately 
and give separate sets of formiilse and tables for the two phases of Linkage. An 
example of this is the method given by Alberts,^ all of whose formnl® could be 
materially simplified by reiilacing ‘ r ’ and ' s ’ by ‘ p ’ and ‘ 1-p ’ as is explained at 
a later point. Dr. hisher has also suggested a very simple and efficient method, 
for “ Estimating Linkage from the Offspring of Selfed Heterozygotes ” by calculat- 
ing “ the Product Ratio ” and referring this value to a Table of calculated values 
for Coupling and Repulsion, This is not a very convenient process and further 
has the disadvantage -of necessitating interpolation for intermediate values. The 
present writer suggests in this paper a very simple formula, which is applicable to 
both Coupling and Repulsion, for calculating the linkage intensity directly from 
the Product-Ratio. 

Another feature of the older publications is that most authors deal with only 
simple dihybrid ratios, i.e., when the two linked-characters separately segregate 
in a 3 : 1 ratio. But with the modern development of Mendelism, present workers 
have often to deal with bnkage relations in much more complex segregations. Hence 
it is highly desirable to find out some simple method by which workers can easily 
arrive at. new formulae applicable to their own special cases. In this paper an 
attempt has been made to this effect and a table is given (p. 14 — 16) which shows, 
for the more frequent phenotypic ratios, formuhie which can be used in estima- 
ting linkage-intensities. 

As a -result of these considerations, a number of new formiilse which are ex- 
pected to be of material benefit in such calculations have been given in this paper. 
The formulge suggested here are applicable to both Coupling and Repulsion and in 
such cases it is important to remember that ‘ p ’ always stands for the percentage 

Cress-over in Repulsion, while in Coupling the percentage of Gross-over will 
be equivalent to ‘ 1-p.’ 

Before starting the actual comparison of the various methods, it is necessary 
to give an explanation of the symbols which are used in the following account. 
According to the usual notation, the four types of gametes formed by a heterozygote 
AaBb will be AB, Ab, aB and ab and they will be present in equal numbers when 
there is no linkage, otherwise the frequency of the extreme classes will be different 
from that of the middle ones. Whether linkage occui's or not, in all cases, we can 
represent the proportions of these four types of gametes by the following symbols 
and they will be true for all values of ‘ p ’ : 


Gametes : 

AB 

Ab 

aB 

ab 



P 

1-P 

1-p 

P 

Ovules 


P' 

i-p' 

I-P' 

P' 

Pollen 


» Alberts H. W. (1926). A method of calculating linkage values. Oemtics, 11, 236-248. 
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If we assume that p = i.e., the crossing-over is the same in male and female, 

thtm It can. be shown by the well known checker board method that the eifect of 
self-fertihzation wiU be to prodiioe an E g generation in the following proportions 
Phenotypes , . . AB Ab aB ab 

Symbol used for observed 

frequency . . . a b c d 

Theoretical proportions . 2-l-p2 l-pS i.p 2 p 2 

The sum of extreme phenotypic classes (a and d) is represented by ‘ .E * and that 
of the nnridle classes (b and c) by ‘ M.’ The total number of individuals {i.e. the 
population) is represented by ‘ n.’ 

The various methods, which are considered in the following account, are as fol- 
lows ; — 

(1) Emerson, E. A. p2=5z^! or -—1 

n n 

111 

(2) Alberts, IL W. — = Constant, ‘ p^ ’ from table 

M 

— — = Constant, ‘ k ’ : ' p^ ’ from table 
n ' 

(3) Yule, G. U. Co-efficient of Association 

ad be _ g ^ 4 — 2( Q^-|-Q) 

ad-f-bc ’ 2Q 

(4) Owen, E. V. Product Moment Co-efficient of Correlation 

f = 

V'(a+b) {e-hd)“(a-l-c) (h+A) 

4 

(5) Haldane, J. B. S, p^ = T 

2-f4t„ 

where t^ == ——2 ; t^ = ; t„ = 4 (ti+t J 

n n “ 

(6) Fisher, E. A. Maximum Likelihood 

2 H~v/ (a — 2b — 2c-(i)^-l-8di} 

p __ __ 

(7) Fisher, E. A. Product Eatio : 

'_ = Constant; ' p ’ from table 
bo 

(8) Fisher, R. A. Weighted M(jan 

2 _ 2(a— b— c)-f lOd 

p __ 
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{9} Fislier, E. A. Blinimum 

nV2+P^^l-p^'l-p“ PV 
II. Classification of vaeious methods. 

Adopting the classification, which is suggested hy Br. Fisher * of the various 
methods, we find the foEowing groups : — 

(a) Additive, tnethods : where ‘ p * is determined from the values of E and M. 
Le., the sum of the first and fourth, and of the second and third classes. 

This includes all the methods suggested by Emerson^ and Alberts,^ in which 
the essential feature is that only the sum of the various classes is taken into con- 
sideration and hence all these methods give similar results, 

(5) Weighted mean method : where ‘ p ’ is calculated from an alternative linear 
fimction of the frequencies ; this method is given by Fisher.® 

(c) Product method : ‘ p ’ is calculated from the relationship between the product 
of the first and foiuth classes and the product of the second and third classes. It 
includes the Product Eatio suggested by Fisber ® and also includes Yule’s “ Q,” 
«.e., Co-eflicient of Association.^ 

(d) Method of maximum likelihood : consists in maximising a quantity which 
can be written down by multiplying each observed number by the logarithm of 
the expectation. Thus — 

a log (2+p2)4-b log (l-p®Jd-c log (l-p2)+d log p® 

a , d b4-c 

IS a maximum, if } — — - — 

2-fp®^p® 1-p® 

leading to the formula 6 given on page 3. 

This method was first appEed by Haldane® and later but in a much simpler 
form given by Fisher ® 

(e) Method of minimum yf, i.e., the measure of discrepancy 'yf', the well 
known criterion of “ goodness of fi.t,” may be expressed as an explicit function, of 
‘ p® ’ in the form 


'n (2+p2 ' 


X “I —1+ 


b® 


c® d® 




the condition that this should be a minimum leads to a quartic {i.e., biquadratic) 
equation for p®. 

^Emerson, R. A. (1916). The calculation of linkage intensities. .4mer. Nat., 60 : 411-420. 

“1. c. 

» Fisher and Balmakund (1928>, ib. 

IM ^7^6^ association of attributes in Statistics : 1. Phil. Tran.'i, Boy. Soc, .4, 

^B^ldane, J. B. S. (1919). The probable errors of calculated linkage values and the most accurate 
method of determining gametic from certain zygotic series. Joitr. Genetics, 8, 291-297. 

“Fisher, E. A, (1925). Theory of statistical estimation. Proc. Oamb. Phil. Soc., 22 : 700-725. 

mathematical foundations of theoretical statistics. Phil. Trans. 

A* CCXXII, 309-368. 
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if) Product movnent co-efficimt of (mreht^ mdJwd. TMs gives quite different 
results irom other “ Product methods ” and hence may be considered as a separate 
group by Itself. Dr. Fisher has not considered this method in his discussion. Its 
great advantage is its relation with 

III. COMPABISON OF METHODS. 

(a) Additive methods, 

Bmeisoii’s method, which beJongs to tbis group, has often been rocotninend- 
0(1 for calculating the Iml-age-intensitieB. The points in favour of this method 

are : — 

(1) Its extreme simplicity, which is characteristic of all additive methods. 

(2) Its general applicability, by the use of formula given by Colbns,! for 

those zygotic distributions which are more frequently met with. 

The first point loses its strength, when the question of efliciency comes up 
Its inefficiency has been shown by Dr. Fisher, 2 who regards this method as the least 
efficient. He has calculated the efficiency percentage of the solutions obtained by 
this and several other methods for various Eecombination values expressed in 
percentage ; their relative efficiency is illustrated in Dr. Fisher’s paper by means 
of a graph which is reproduced in this paper (Fig. 1). From the graph, it is evident 
that the efficiency of Additive methods (a) is nearly 100 per cent, in cases of close 
Coupling and nearly 0 per cent, in close Eepulsion. 


too 

I “ 

0 

1 60 

S 40 
! 2 : 
m 

§ 20 
fa 


0 

REIPULSION ' COUPLING 

Fig. 1. RECOMBINATION PERCENTAGE 
{After Fisher) 



H-c. 

® Ksh,er and Balmakund (1928), *6. 
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EiTiei'H.on'^ lias compared the solutions arrived at by liis method with those 
chwived from Yule’s Co-efficient of Association Q ’ by taldng a few examples from 
soim^ well known cases of Linkage, In this way he found that in most cases, when 
tli<} observed frequencies do not deviate much from the theoretical, his method 
gives practically as good results as Yule’s ‘ Q ’ and in no case is the value of 
significant. In cases where the observed frequencies deviate widely from the theo- 
retical, both the methods will give inaccurate solutions. In such cases the question 
is simply one of the degree of maccm'acy. These rcusults, however, may be in- 
terpreted differently in the light of Dr. Fisher’s recent investigations. One of the 
examples given by Emerson is one of close Coupling and in such cases wo expect 
that the solutions obtained by the additive method w-ill be quite relialile, as has 
been realized by Emerson. The example taken by Emerson for Repulsion phase 
is not one of close repulsion but gives a recombination value of about 30 per cent. 
Hence neither of these examples clearly show's the inefliciency of the method. 

If, however, we take a case of close repulsion as given on page 33, it 
becomes evident how inacciuate a value this method gives in such cases. Un- 
fortunately Emerson in his paper does not consider a case of close repulsion. 

This inaccuracy of the additive method is not its only limitation. We find 
that, in cases where the observed frequencies deviate widely from the theoretical, 
this method gives very unreliable values as has been shown in Tables I — HI, 

As regards the general applicability of the additive method, we shall see in the 
following pages that a general method has been given by the application of which 
the value of ‘ p ’ can be directly calculated from any ‘ constant ’ expressed in terms 
of the phenotypic classes a, b, c and d and for any zygotic distribution (p. 46). 

Another method of the Additive group similar to that of Emerson’s is Alberts’. 
He gives several separate tables and formulae for Coupling and Repulsion. In 
calculating Linkage-values by his methods, it is necessary to refer to those tables. 
We can, however, arrive at the same results by using the following simple formulae 
w'Mch give the value of ‘ p^ ’ directly and which do not necessitate reference to a 
table. Thus— • 

pa = where A = — (1) 

^ A+1 M ^ ^ 

Similarly the value of ‘ p can be calculated' from his constant ' k ’ by applying 
the formula : — 


, k— 8 , , 16E 

p- = , where k = — — 

. 8 n 


(3) 


By using these formulae all the tables given by Alberts can be discarchid and 
the linkage-value can be calculated directly. The merits and demerits of Aiuerts’ 
method are tbe same as those given for Emerson’s method. 


1 1 . 0 . 
«lc. 
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Hence the use of Additive methods as a general means of calculating linkage- 
values is not recommended, but they are not altogether to be discarded. Additive 
methods give much better results when one cross-over class or the double-recessive 
class is not recovered ; this latter condition is the more likely to occur and in this 
case additive methods give the most accurate results, as is evident from Table III. 
In such cases, when one of the zygotic classes is missing, a modification of these 
methods as given below may be used with advantage. 

When the double-recessive class is missing, ' p ’ may be calculated from : — 


2a- 
' 2a-fM 


When one of the cross-over classes fails to appear 
E — 2b E — ^2c 


"W hen the double-recessive class is missing, the value of ‘ p ’ may also be cal- 
culated from Alberts’ constant ‘ k,’ or from the constant ' A ’ which is suggested 
at page 6 of this paper. Thus — 

„ 2— 2A , . E a . ■ 

p-i = where A = - = , m this case 

14-2A M M 


P 


-8 , , 16E 16a . . 

- , where k — — , m this case 


In cases where one of the cross-over classes is not recovered, the usual formulas 
(1) and (2) given on page 6 may be used, but the constant ‘ A ’ will naturailly 
become — 

E E 

: — or — 

2b 2c 


A = 


(b) WeigJiied Mean method. 

Thisa according to Dr* Eisber, is slightly more efficient than the additive method, 
because the standard error of the estimate by this method is comparatively smaller. 
The method, therefore, makes use of a larger fraction of the information supplied 
by the data. 

However, Tables I to III and examples given on pages 26—37 in this paper 
show that in some cases this method may give worse results than Additive methods 
and in no case does it show any definite superiority. 


*Jow. Agric. Bes,, mi : ,p. 886. 
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{e) MetTiod of Maximum Likelihood. 

The advantages of tliis metkod are well appreciated and especially its relation- 
ship with the measure of discrepancy yK Dr. Fisher^ has proved that this method 
will in all cases supply a solution of which the random samplin£ variance is as small 
as possible. The expression for the random sampling variance of the solutions 
of this method is applicable to some other methods as well and according to him 
the group of solutions which have the minimum random sampling variance may 
be termed “ efhcient statistics.” 

This and the next two groups of methods, which are considered in the follow- 
ing pages, have been classed under “ efficient statistics ” by Dr. Fisher and they 
arc said to possess the following characteristics : — 

(1) Ail of them give solutions of which the random sampling variance is 

as small as possible and hence they may be said to convey the whole 
of the available relevant information supplied by the sample ; their 
efficiency will always remain 100 per cent. 

(2) They agree so closely among themselves that no practical difference 

is to he expected between the conclusions drawn by using different 
methods of this class. 

(3) measures the discrepancy between observation and hypothesis only 
when “ efficient statistics ” are iised.^ 

The above characteristics of these methods are evident from the example work- 
ed out by Fisher® and are illustrated in this paper by taking several cases both of 
Coupling and Repulsion (pages 26 — ^37). All the methods belonging to the class 
“ efficient statistics ” always give more or less similar results and the value of 
is practically the same for solutions arrived at by these methods. 

From these facts, it is evident that all these methods will give quite satisfactory 
results and will remain efficient under aU conditions of Coupling and Repulsion. 
Hence, in comparing these methods the main question which arises is the com- 
parative simplicity of calculation and their adaptability to various deviations from 
normal Mendelian ratios; these deviations may be due to a percentage of certain 
gametes being ineffective or to the unequal viability of zygotic classes. Such 
a comparison has already been made by Collins^ and Owen.® The latter 
author exi)ressed the zygotic classes as percentages and his tables are reproduced 
here. It must be noted that by “ a ” gametes in the tables Owen signifies those 
gametes which carry small “ a ” and not “ A ”, and by '* a ” zygotes the phenotypes 
aB and ab. This use of these symbols must not be confused with their significance 
for zygotic frequencies (page 3). 

1 Fislior (1925), il>. 

^ Fisher, R, A. (1924). The conditions under which tneasures the discrepancy between obaer" 
ration and hypothesis. Jour. Boy. Siat. Soc., 87 : 442-449. 

'' Fisher and Balmakund (1928), 

■■H.-o. ■ " ■ 

® Owen, F. V, (1928). Oaloulating linkage intensities by product moment correlation, Qemtics, 13 : 
80-07. 
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Tabus I, 

Comparison of methods of measuring linkage in 

(After OTren.) 


No actual gametic linkage. 




Zygotic ciiAsses 
in per cent. 

OBSEEVEB VaDJES of “p ” FliOM:-- 

No. 

Form of population 

a 

b 

c 

d 

Addi- 

tive 

methods 

Weight- 

ed 

Mean 

Fisher’s 

‘p’ 

Owen’s 

*r ’ 

’Yule’.? 

‘Q’ 

I’ro- 

duct 

Ratio 

1 

Perfect 

56-26 

18-75 

18-75 

6-25 

60-00 

5000 

60*00 

50-00 

50-00 

60-00 

2 

25% ‘ a ’ gametes not 
effective. 

61-22 

20-41 

13-78 

4-59 

66-23 

50-00 

50-00 

50-00 

50-00 

50-00 

3 

25% ‘a’ and ‘b’. 
gametes not effec- 
tive. 

66-64 

14-99 

14-99 

3-37 

63-27 

51-72 

62-58 

BO-00 

50-00 

50-00 

4 

25% ‘ a ’ and ' B ’ 
gametes not effec- 
tive. 

64-98 

26-66 

12-36 

6-00 

46-86 

47-94 

47-97 

50-00 

50-00 

50-00 

fi 

26% ‘ a ' zygotes die 

60-00 

20-00 

15-00 

5-00 

54-77 

50-00 

60-00 

50-00 

50-00 

50-00 

e 

26% ‘ a ’ and ‘ b ’ 
zygotes die. 

64-00 

10-00 

16-00 

4-00 

60-00 

50-99 

51-3S 

50-00 

50-00 

50-00 

7 

25% ‘a’ and ‘B’ 
zygotes die. 

55-38 

24-62 

13-85 

6-15 

48-02 

48-82 

4S-S8 

,50 -00 

60-00 

50-00 

8 

25%, ‘ a ' zygotes 

called ‘ A.* 

60-94 

20-31 

14-06 

4-60 

55-91 

60*00 

50-00 

60-00 

50-00 

50-00 

9 

Double-recessive clasf 
not recovered. 

? CO-00 

20-00 

20-00 

0-00 

44-72 

31-62 

0-00 

25-00 

0-00 

0-00 


Note. — ( 1) The additive nsethoda always deviate app-cciahly from the actual linliape value of 60 ■ er cent. 

(2) The Weiphted Mean method and ti e method of Maximum lihelihood (Fisher’s) pive pr:- ctically the same 
results when there w no linkage (as Is the cose here). hecauBe the efliciency per cent, of the former method is 100 iu:der 


tnese conuroons. , 

(3) 1 ule’s ‘ Q ’ and ttie Product Ratio ‘ P ’ give the actual linkage value in all cases except when the doul.'le- 
recesaive class is riot recovered. Owen’s ‘ r ’ gives similar results only in this case when there is no actual gametic linkage. 
Wheii the douhle.reccssivfi class is net recovered, it gives half the actual value. ' 
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Table IL 

Comparison of methods of measuring linkage in F g. 

(After Owea.) 

Coupling Phase— 25% actual Linkage-value. 




Zygotic Ciasses 

IN mi CENT. 

OBSEUVET) Valtie 0 

P “ p " jiiOM 

No. 

Form of Population 

a 

h 

c 

d 

Addi- 

tive 

methods 

Weight- 

ed 

Mean 

Fisher’s 

‘P’ 

Owen’s 

Ynle’s 

‘Q’ 

Pro- 

duct 

Katio 

1 

Perfect . . 

04-06 

10-94 

10-94 

14-06 

75-00 

76-00 

75-00 

76-00 

76-00 

75-00 

2 

25% * ft ’ KaiHcte not 
otfoetlve. 

70-41 

11-23 

8-04 

10-33 

78-41 

72-17 

75-82 

74-17' 

76-66 

75-06 

3 

26% • a ’ and ‘ b ’ 
gametes not effec- 
tive. 

76-40 

8-08 

8-08 

7-44 

82-27 

69-80 

78-10 

73-33 

76-40 

76-40 

4 

25% ‘ a ’ .and ‘ B ’ 
gametes not effec- 
tive. 

63-.51 

1 14-06 

7-76 

18-77 

7.3-87 

74-04 

73-96 

74-50 

75-02 

75-02 

. ^ 

25% ‘ a ’ zygotes die 

().S-3:t 

11-67 

8-75 

11-25 

70-92 

72-16 

75-00 

78-9.9 

75-00 

75-00 

6 

25% ’ a • and ' h ’ ' 
zygotes die. 

72-40 

0-28 

9-2.8 

8-9.5 

79-.30 

70-28 j 

75-85 

73-01 

75-00 

75-00 

7 

25% ‘a* and ‘B’ 
zygotes die. 

63-48 1 

14-4.5 

8-13 

13-94 

74-0.5 

74-37 

74-18 

74-08 

75-00 

76*0!} 

8 

2.5% ‘ a ' zygotes 

called ‘A.’ 

60-80 

14-45 

8-20 

10-55 

73-95 

09-60 

71-90 

71-41 

72-60 

72-60 

0 

One cross-over class 
not iceovercd. 

71-04 

12-28 

0-00 

16-78 

86-85 

83-23 

86-12 

87-75 

100-00 

100-00 


iot «iv. P,i,nilar vain., 

the latter “'If are in no w hotter than to S>wvlom method (ie.. Maxinuuu f-ilu. 

llhDod). in again five shnllar reenHa a»d «..treh bettq- than all other methods ex - 

cept wihen one cross-over cJms Is not recovered. 
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Table III, 

Gompcmsm of methods of measuring linkage in F^. 
(After Owen.) 


Repulsion Piiase— 25% actual Linkage-value. 




ZyGOTIO ClASSES 

IS PSK CES’J'. 

1 OBSERVEn Values or “p” erom:-- 

No, 

. Form of Populaflou 

It ' "■ ■; ■ 

« 

b 

>■ 

A 

Addi- 

tive 

uietbods 

Weight- 

ed 

Mean 

Fisher’S 

'P’ 

Owen's 

Yule's 

‘Q* 

Pro- 

duct. 

Ratio 

1 

' Perfeef, . 

51 -sr, 

28-44 

23-44 

1-56 

26-00 

26-On 

25-00 

25-00 

25-00 

2.6-00 

2 

25% ' .T, ’ ganifitos Jiot 
effective. 

54-06 

27-55 

17-24 

1-15 

82-30 

27-40 

23-36 

27-10 

23-79 

23-79 

8 

26% 'a’ and ‘b’ 
gametes not effec- 
tive. 

57-82 

20-66 

20-66 

0-86 

41-66 

32-25 

23-48 

28-74 

j 22-60 

22-60 

4 

2.6% ‘ a ’ .and ‘ B ' 
gametes not effec- 
tive. 

40-22 

86-20 

14-06 

i 

1-47 

11-74 

19-06 

22-87 

26-11 

24-95 

1 24-95 

•' 

25%; a’ zygotes die 

55-00 

25-00 

18-75 

1-25 i 

35-36 

29-60 

2.6-00 

28-20 

25-00 

25-06 

0 

2.6%, ‘ a ’ and ‘ b ’ 
y.ygotea die. 

.68-86 

£0-07 

20-07 j 

1-00 

44-42 

34-44 

26-18 

SO-SS 

2.6-00 

25-00 

7 

25%) ‘ a ’ and ‘ B ’ 
zygotes die. 

50-67 

.80-66 

17-25 

1-58 

20-.60 

22-72 

24-14 

25-41 

25-00 

25-00 

8 

26%) ‘ a ’ zygotes 

called ‘ A.’ 

57-42 

23-88 

17-58 

1-17 

41 -46 

33-10 

20-40 

30-05 

20-00 

26-06 

n 

Doublo reccssive class 
not recevered. 

52-88 

23-81 

23-81 

0-00 

21-82 

15-40 

0-00 

12-50 

0-00 

0-00 


KOTP. — (1) The additive methods are very unreUable in this ease. Q'lielr eflideiu’.y is lowest in repulsion phase, 
(2) Weighted Mean method also gives quite had results, Itet tlie method of Maximum likelihood (Fisher's 
‘ p ’) is as efficient here us in other cases (Tables 1 and 2) although it does show a certain ansonnt of deviation from the 


actual vame. 

(8) Owen’s * r ’ is much less eflicient in this ease. Its ri suits agree n;ore to the Weighted IMean method than 
to any other method and hence not quite reliable in repulsion phase. When the double-rceessive class is not recovered 
it gives half the netmal value. 

(4) Yule’s Q and the Product Ratio methods give as satisfactory results as In previous cases. 


These tables show clearly that the method of Maximum Likelihood is not to be 
recommended for general use. Inspite of all the statistical efficiency possessed by 
this method we must not overlook the additional advantage enjoyed by the Product 
Ratio in being unaffected by differential viability. Dr. Fisber^ himself says “ The 
Product Ratio method enjoys the practical advantages of other efficient solutions, 
and is in addition unaffected by differentia] viability, if this is caused by one factor 

only. It is also unaffected if both factors affect viability provid- 

('d the percentage loss due to each factor is independent of the presence of the other.” 
This point alone gives a decided superiority to the Product Ratio method, and it 


^ Fisher and Balmakimd (1928), ib. 
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is recommended In tins paper for general use. Further, it may also be noted that 
the method of Maximum Likelihood has not been so far brought into a form ap- 
plicable to various phenotypic ratios and abnormalities in zygotic classes. 


(d) Method of Minimum 

Computation of the value of ‘p^’ by this method is laborious as is evident from 
the expression given on page 4. In a recent publication Dr. Fisher ^ has 
pointed out that this method seems to possess no special theoretical interest and 
at the same time is laborious in computation. Hence, it need not be discussed in 
detail and it has been excluded even from the tables given in this paper. Under 
no condition can this method be recommended when others equally efficient and 
far simpler are available. 


(e) Product ‘methods. 

This group includes two methods, one of which is recommended for general 
use. All the Tables and examples cited in this paper show definitely that the 
methods belonging to this group have certain decided advantages over all others 
and their genera] applicability has been made possible by means of several new 
formulEe which are given in tliis paper. 

The co-efficient of association “ Q ” has been a source of much controversy as 
. a measure of correlation. Pearson and Heron ^ object vehemently to the applica- 
tion of this co-efficient when there is reasonable evidence of continuous variation. 
When, however, a character goes by ‘ units ’ there can be no objection to its use 
and, as pointed out by Owen^, the defects in the method as a measure of correla- 
tion really become an asset in estimating crossing-over percentages in certain in- 
stances. Its great advantage in such cases have been well appreciated by various 
authors from time to time (Collins^ Bridges ®). 

The great advantage of this method is due to the fact that " Q ” is based on the 
relationship that exists between the product of the two cross-over classes to the 
product of the two non-cross-over classes and hence it is unaffected by changes in 
zygotic frequencies. This is very clearly shown in Tables II and III where in Nos. 
5 to 7 the value of ‘ p^ ’ agrees with that of a perfect populaticn*'* (No. 1) in spite 
of the fact that the Phenotypic ratios are very much disturbed due to the difier- 
ential death-rate of zygotes. 


^ Eishor and Balmakund (1928), ib. 

- Pearson, K., and Heron, D. (IflS). On Theories of Association. Biomeirila, ?) ; loV>315. 

® Owen (1928), ib. 

M. 0 . 

® Bridges, C- B. (1S14). The chormosomo hyj.)Othesis of linkage. A nier. Nat, 48 : 624 534. 

*By Perfect Population we understand a population which is not affected by any factor other 
ihan drose under consideration. Thus, in the present case ‘ perfect population ’ %vould mean a theo 
retioally eyrrect population for simple dihybrid segregation or with 26% gametic linkage (Coupling 
pr Repulsion) according to the Table uiider consideration, 
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Q ” is sliglitly affected by differential fertili^iatioii and by mistakes in cln-si- 
ficationj but mucli less so than is any other metliod luider siniiki' conditioi'S (T:ii;].cs 
11 and III). However, the most usual cause of abiioriiiai Mendelinu ratios is a 
diflerential death-rate of zygotes and this has no effect on the value ol 

A glance at the Tables I to III shows clearly that Q also, as oilier eoiK'tants, 
lias its limitations. When a,uy one class is missing, the results given by “Q" 
].'ecoiLie very doubtful. In such cases the modiilcations suggested on pages 7 and 
ib may bo employed. 

From the forniuiso given on page 3 it is evident thsit Fis]ier'.9 Proriuct liatio 
jiossosses exactly the .same cpialities as yule’.s “ Q ” being dqsc-ndout on the ratio 
oj’ the ])roduct of th.c cross-over classes to that of the non-cioss-ovtu'. It has got 
the further ad\'a]itage of being simpler. The only ch*a-.vLa<;k is that Dr. Fisher 
has given only one table (for a simple dihybrid ratio) by releiTing to whiidi an ap- 
pi-oxunate value of ‘ p^ ’ can be found out. For the genera! applicability of this 
method it is necessary to bring it into a form well adajfted to easy mampiilation 
and applicable to various complex Mendelian ratios. Hence- a tabic has been pre- 
pared showing the value of the Product Batio (B) in terms of ‘ p * (percentage of 
cross-over) and vice-versa (he. the value of p" in terms of Product-Ratio P) for the 
various Phenotypic ratios which are commonly met with : — 




:7 and 9: 7 com- 18+9pa 18— 9p2 18— 9pa lO+^P®. 9p^4-28p^+20 2{(9P+7)— 2v 

plementary fact- @4 64 64 64 9p* — 36p^+36 9 (P — i) 

ors for both cha- 
racters. 
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Ta]}le IV also throws some light on a simple method. I>y which the value of ' p“ ’ 
can 1)0 foimcl out for any Phenotypic ratio and from any constant. This point will 
he discussed in detail later. 

From the table it is clear that for the various Phenotypic ratios the formnltn 
given in the last colmnh are simple and should not requhe more than few minutes 
for their calculation. All these formula; are applicable to both Coupling and Ke- 

puision and P always stands for ^ (c/. Pisher’s P. Ft. = — for Coupling, and ~ for 
be ad be 

Eepulsion). 

The formuhe for the calculation of ‘ p^ ’ from Yule’s Coefficient of Association 
‘ Q ’ and from the Product Eatio ‘ P ’ have been compared in Table V as shown 
below. 


Table ¥. 

Calculation of * from various constants compared. 
(After Owen.) 

YALITES op ‘ ’ PEOJI 




the galchlation oe linkage values 

rile formulse given by Owen^ for similar calculation from the Product Moment 
Correlation ‘r ’ and those given by Collins^ have also been included in the above 
table. 

I lie formula} for ‘ P ’ are undoubtedly simpler than those for ' Q but for the 
other to constants they are still simpler. However, one would prefer to calculate 
■ le \ a lie of p- from the Product Ratio ‘ P ’ owing to the laborious calculation 
necessary fot evaluating * r’. Of course, the fornuite suggested by Collins are 
the simplest but the inefficiency of the method on which they are based makes them 
only of theoretical interest. 

working of ‘ P ’ has been very much simplified through 
I able IV which has made it applicable to various complex Mendelian ratios. At 
the same time this method possesses all the advantages of Yule’s Coefficient of 
Association as is evident from Tables I to III where the results for Q and P are 
always the same. 

The only limitation of this method is in eases where one of the zygotic classes 
has not appeared Some authors regard this as the great drawback of this group 
of methods, which is most efficient under all other conditions. 

It IS important, however, to note that in such cases even when we obtain some- 
what satis actory results with certain methods, they can never be regarded as 
theoretically correct. This can be shown as follows : 

Emerson: === 5~l¥ 

n 

when the class ‘d’ is absent, the above formula becomes which is 

theoretically incorrect. ^ 

If we substitute the value of ‘ a ’ and ‘ M ’ in terms of pS, we find that— 

O'— M _ 2-f p2— 2-f-2p2 3p2 __ ^ 

n Tf^'l_p 2 -|.p 2 JZp' Therefore the expression 
is not in tliis case equal to p^. 


Similarly p2 


3nly when r ~ 


^ ^+b) (c+d) (a+c) (b-f d) 

M hen one of the classes a, b, c, d is absent, the above identities do not hold good, 
ways ~ Wtic classes can be explained in only two' 

{l)-liirrors in random sampling. 

of tho 'lonble recessiye 

^ OwoH (1928), ih ~ ^ 

“ 1 . 0 . 
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it will not be possible to find out which one of the two {‘auwes is 
lefeponci jle for it. ^ The first of these is more frequently met with and even when 
tile second condition occurs, the first may also be partlv acting. 'Wlion om\ oi 
fcte zygotic classes is not recovered due to errors of sampling, the value of gets 
very inaccurate if we consider, in our calculations, even the missing class. This 
IS evident from Table III, p. 11. Hence in such cases w'e should better base old 
caioiilations on the remaining S classes. If, however, the non-recovery of the 
ourth class is due to close linkage, the frequency of the other three classes must 
a so 30 similarly afi'ected and our calculation of the Cross-over percentage from 
these three classes should in no way be far from correct. Naturally, in all cases 
where one of the zygotic classes has not been recovered, it would '^be better to 
calculate Gross-over percentage from the remaining three classes. 

Hence all the methods must be modified to make them applicable to these abnor- 
malities. On these very lines Collins^ has suggested the modification of the 
Additive method and here we may consider the Product Ratio method. 

Usually the Product Ratio P = but, "when the class ‘ d ’ has not been re- 
bc 

covered, the product ‘‘ ad ” will be equal to zero and will convey no information, 
he onl}?’ alternative left is to evaluate ‘ p^ ’ from the remaining 3 classes, a, b 

and c. With only three classes, the Product Ratio will become i.e, ^ 

bxc bo 


When P _ g_; p- _ { ... ihA when only 2 factors are involved. 

When one of the cross-over classes is missing, the usual formula given in 
Table IV could be applied, but the Product Ratio will have to be modified as in 
the previous case. 


P 


- — ~ or - — - instead of 

bxb CXG 


ad 

bd 


In this case the formula for ‘ p" ’ has not to be changed because theoretically 
be = b^ = c2 = (1— p3)2 

While deahng with other phenotypic ratios, b and c may not be equal and in 
that case the formula for evaluating p^ has to be modified accordingly by the 
method suggested on pages 54 — ^65. 

In conclusion we find that the Product Ratio " P with the formulae given in 
this paper forms a very convenient and eflB.cient constant for evaluating the value 
of Vp2 ’ from a given data. This method is, hence, recommended for general use 
in preference to all other methods with which it has been compared. It can also 
be used with the modifications just described even when one of the zygotic classes 
has not been recovered. An illustration of this is given on page 24. 


M.C. 



(f) Product Moment Coefficient of Correlation, 


0\feii ^ iifis recently reconuneiided a method for calculating Linkage intensities 
by tile Product Moment Coefficient of CoiTelation ‘ r wliicli may be written as 
(ad — ^bc)2 ^ 3r+l^ 


i) 


(a+b) (c+d) (a+o) (b+d) 

.a formula given by Prof. Karl Pearson ^5 not as the correlation between two 
cliaracters but as the correlation Tik between tlie means, each measured in terms 
of tlieir standard deviations, of two variates of a fourfold Gaussian Inble. Prof. 
Pearson ^ in a later publication states that It becomes a true value of the correla- 
tion, when the two classes differ by a unit quantity as in the imits of tlicorctica.l 
Mendelism.” Tims there can he no objection to the above formnla., if a, b, c and d 
are definite abstract values, Le., if they do not spread over an interval. Tlie 
points in favour of the Coefficient of Correlation are 

(1) its relationship with yf 

yS == n r^ — (a-f-b-l-c-j-d) 

^ (a-bb) (c-f d) (a+c) (b+d) 

(2) a simple relationship between the coefficient of correlation of the zygotic 

pnenotypes and the crossing-over percentage of 2 genetic factors under considera- 
tion. This is clearly shown in Table V where the value of ‘ ’ for various 

Phenotypic ratios could be caiciulated by simple formulae if the value of 
‘ r ’ is known. 

However, we must consider that the value of ‘ r ’ itself is not quickly calculated. 
No doubt, for a theoretically perfect population of a dihybrid distribution a+b 
s=: a+o and c+d = b+d and thus the original formula may be simplified to 
. __ ad — be 

(a+b) (c+d) 

But in practice -we seldom realize this condition and thus the caloiilation of the 
value of " r ’ will take much more time and labour than the working out 
of ‘ ’ from the Product Ratio (P). Considering the data, showdng linkage between 

the sugary factor in maize and a factor for w+ite base leaf, from Carver^, we find 
Starchy Sugary 


G.-een 
109 V 


White 

900 


Green 

904 


White 
32 = 


Total 

3839 


H>wen. (1928), ib. 

* I’oiiraoii, K. (1900). jMiithomafcical contrlbufciona to tlio tlioorv of Evolution, VIL On the 
ooi-rolrttion of cliaractcrs Jiot quantitativuly measurable. Phil. 'I ram. /!., Vol. 195; na<fe 12 
® Pearson and Meron (1913), t7). » • 

'‘Carver, W. A. (1927). A genetic study of certain eliloropliyll defieieneies in inai/.o. (P'.nelim, 
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(1997 X 32)-(906 x 904) 
v/'^S" X 936 X 2901 x 938 
63904-819024 —756120 

” V'7393897942704 ~ 271972-28 
= __.277702 , 

V ■" ' 4' 

__ _.833i06-|-l __ -1668940 __ 
p = -20426 ; 1— p == -79574 


Wliile P : 


1997 X 32 63904 


906 X 904 819024 


= -078024 


1-078024— v/l-234072 


—921976 
= -035645 

p = -18880; l—p = -81120 


-032864 

-921976 


It is clear, therefore, that working out of the value of ‘ r ’ is a somewhat lengthy 
arithmetical process since the products (a+b) (c+d) (a-fc) (b-f-d) will usually 
result in a number of 10 to 15 digits. "l^Tiile the easier manipulation of the value 
(P) is coupled with the additional advantage of its being unaffected by differential 
viability of zygotes. These two facts are sufficient to give a decided advantage to 
the application of the Product Eatio method and establish its superiority over the 
Product Moment Coefficient of Correlation ; this is also evident from the Tables 
given on pages 9 to 11. 

In certain eases, where a number of factors are involved and where, from the 
observed data, we know that there has been no differential viability of the zygotic 
classes, it may be of some advantage to calculate the linkage value from ‘ r But, 
usually, we shall find that ^ r ’ will be laborious to work out and less efficient than 
the Product Eatio ‘ P This is very clear from the various examples worked out 
on pages 26 to 37 where the laborious computation of the value of ' r ’ is evident. 
In those examples we further notice that the value of for this method is always 
much higher than that for the Product Eatio and in no case does this method give 
a better solution. Considering the laborious computation of the value of ‘ r ’ and 
the higher value of for the solutions obtained by tliis method, it cannot be 
recommended for general use. 




At tills point it will be interesting to consider an example cited liy Owen ‘ 
wliere one of tbe zygotic classes has not been recovered. He regards this cxainjilc 
as illustrating the usefulness of the coefficient of correlation as a nieasme of linkage 
because other methods give very inaccurate results under such conditions. Aotual- 
ly, we find from tables given by Owen ^ himself that in cases, where the double- 
recessive class is not recovered, Emerson’s method gives a more correct value 
than the Coeffinient of Correlation ‘ r From the following accoimt it will be clear 
that even in this example the Recombination value obtained by Owen’s method 
is very unreliable. 

In this example, the two linked characters are the seed-coat and cotyledon colour 
soy-beans. Duplicate factors Dj and D.j are assumed to be equally capable of 
producing yellow cotyledon colour and the factor D^ is linlced with G-, the factor 
for green seed-coat colour. The recessive characters are green cotyledon colouj’ 
and yellow seed-coat colour respectively. The observed Eg ^^^da are ; — 


Yellow cotyledons 


Geeen cotyledons 
— ^ 


Green 

seed-coat 

236 


Yellow Green 
seed-coat seed-coat 


Yellow 

seed-coat 

0 


Owen has calculated the cross-over percentage by Emerson’s method and got 
a value of 32 per cent., while the calculation from coefficient of correlation ‘ r ’ gives 
a value of 18*04 per cent. He considers the latter to be more correct. Yule’s 
Coefficient of Association ‘ Q ’ and of course all the Product methods fail to express 
logical cross-over value in such cases. On the lines suggested in this paper, how- 
ever, cross-over percentage can be calculated even by Product methods when one 
of the zygotic classes has not been recovered. But the question arises how far is 
Owen justified in evaluating the cross-over percentage from the above data as it is. 
It has been pointed out by Owen ® as well as by Woodworth ^ that the colour of 
cotyledon is determined one generation previous to the seed-coat colour and hence 
it is essential to sow these seeds in the Imown ratio of 16 yellow cotyledons to 1 
green cotyledon, if we wish to get a correct idea of the relationship of the cotyledon 
and seed-coat colour. In the above data the ratio of yellow and green cotyledons 
is as 20 : 1. As a result of this the whole relationship is disturbed and we are not 
able to get a correct idea of the linkage-intensity. Further, when the actual observed 


1 Owen (1928), 

(1928), ih., p. 91, Table lY (Eopulsion Phase). 

F. V. (1927). Inlieriiance studies in Soy-beans. I. Cotyledon color. Genoiics, 12; 

0. M. (1921). Inheritance of cotyledon, seed-coat, hilum and pubescence colors in 
6:511. 
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•frexiu('ncy is compared with the theoretical frequency for 50 per cent, cross- 
over value {i.e. no linkage) as given below, 



Yellow cotyledons 

Green cotyledons 


Green 

seed-coat 

Yellow 

seed-coat 

Green 

seed-coat 

Yellow 

seed-coat 


! ' 

2 

; 3 '■ 

' ■ 4 ■ . . 

observed froqxiency (0) . . . 

Calculated freqiiency for 60% Cross-o ver (C) 
G— C ... 

(O-H)" . . . . . . . 

0 

236 

236-96 

■96 

•0039 

86 

78-98 

6-02 

•4690 

16 

15-80 

•20 

•0025 

0 

6-26 

6-26 

6-2600 

==5-7264 


wc find only two classes to show an appreciable deviation ; this deviation may not 
be due to linkage, because in the first place it is restricted to only 2 out of the four 
classes (in case of linkage, all the classes will be similarly affected and show appreci- 
able deviation), and secondly the value of {— 5*7254) is not so high as to ex- 
clude the chance of the deviation being due to errors of sampling ; the odds being 
only 8:1. 

If, however, we correct the observed frequency on the lines suggested by Wood- 
worth^ and then compare with the calculated frequenc}?' for 60 per cent. Cross- 
over value, we find that all the classes deviate appreciably and suggest a certain 
amount of linkage, as is shown below : — 


Classes 

1 

2 

3 

•4 

Corrected frequency (O') • 

232-28 

83-60 

21-06 

0 

Calculated frequency for 60% Cross-over (0) 

236-96 

78-98 

15-80 

5-26 

O'— 0 

4-68 

4-68 

5-26 

5-26 

(O'— C)a 

•0924 

0-2772 

1-7500 

6-2600 

■” c 



X® 

.-=7-3796 


This value of gives odds of nearly 16 : 1 (from Elderton’s table). This 
deviation could never be attributed merely to the errors of sampling. 

Only after tiiis correction we are justified in finding out the linkage I'elationship 
of two such characters, one of ’which is determined one generation earlier. Un- 
doubtedly, in such cases the best plan will be to sow the splitting seeds in the known 
proportions, but in case it has not been done it is essential to correct the data as 
suggested by Woodworth and then find out the linkage intensity. On the basis 
of the above corrected frequencies the cross-over percentage has been calculated 
by three different methods, namely, Additive, Product Ratio, and Coefficient of 
Correlation (Owen’s ‘ r ’). 


1 Woodworth (1921), ib. 



Tliv'i usual Product Eatio method cannot he used in eases whore one of the 
zygotic classes has not been recovered, but in such cases the modified Product 
Rutio, already suggested, may be employed as shown below : — ■ 

_ 3,2 __ 232-28 x_232-28 ^ 131SS-50 , 

“■ 84-6G“x 2i-'06 440-i7 ' 

= 30-62 

(5P+22)-~3v^P“T 80^ __ 176-10— (3x58-2) 

•50 


Product Ratio P 


p: 


59-24 
= 9 - 18 ; 1 - 


1 ) 

= •008440 


59-24 


= 90-82 


The Additive method gives -014065 as the value of p^ with a cross-over percentage 
of 11-86, wliile the coefficient of correlation method gives -001293 as the value of 
p" with a cross-over percentage of 3- GO. The calculated frerpieiicy for each of 
these methods has been compared with the observed ffiequeiioies (corrected) as 
shown below 


Obsorved frerj^uoncy . 
Corrected frufj[ixeiioy “ O' ” 

(i) Owen’s ‘ r ’ — 

Oalcul.it.ed frequency '( p 
wlion p- = -001203 ) 


) t'roduct itatio “ P 
Calculated frequency / p 
when = ^OOSMO 3 
01— C, . . . . 

{o>q,}3 . . . . 

G. 

(iii) Additive method — 

< frequcucy 1 ft 

•01-M)ii5 3 


Yellow cotyledons 

Green cotyledons 

Total 

Green 
seed -coat 

1 

Yellow 

seed-coat 

2 

Green 

seed-coat 

3 

Yellow 

seed-coat 

4 

236 

85 

16 

0 

337 

232*28 

83*66 

21*06 

0 

337 

231*7147 

84*2228 

21-0353 

0*0272 

337 


4-0*5628 

—0247 

+ •0272 

0 

•0014 

•0038 


•0272 

•0324 

231*8853 

84*0722 

20-8843 

0-1778 

337 

—0*4147 

-f- 0*4122 

—0-1753 

-,L 0-1778 

0 

•0007 

•0020 

•0014 

0-1778 

•1819 

231*0837 

83*9538 

20-7063 

0-29(>2 

337 

—0*2963 

-1- 0*2938 

— 0-2937 

-l-()-2i)02 

0 

*0004 

•0010 

•0042 

0-2962 

1 -3018 


^ Por the derivation of this formula, see page Go. 
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The resnlt obtained by Owen’s “ r ” is very difi’erent from the other tv.'o methods. 
It gives a cross-over percentage of about 4, while the Product Ratio gives ab'Out 
9 and the Additive method gives nearly 11. In all cases the value of is much 
below one. It is, of course, the least for the lowest recom])ination value, 1,'ocause 
the double-recessive class has not been realiKed and tlie lowest i’( -combi nation value 
reduces the chance of occuiTence of the missing class to a, minimiim. For a re- 
combination value of 2 or less, the value of yj wall be still rcHluced, irrespective 
of the cfliciency of the method, as is evident from the following table : — 


Methods 

Value of “ ” 

Cross-over 

pcrccula^e 

i Value of X" 
for all Uiti 

4 diissf's 

(1) Arbitrary value . 




•040000 

20-00 

0-8760 

(2) Additive 




•0140G5 

11-80 

0*3018 

(3) Product Eatio 




•008440 

9-iS 

0-1819 

(4) Owen’s “ r ” 




•001293 

S-00 

0-0324 

(5) Arbitrary value . 




•000400 

2-00 

0-0138 


This table clearly shows that the value of yj rises with the value of “ ”, 

irrespective of the methods employed. Actually we find that it is the douhle- 
recessive class which is, more or less, determining the value of y\ If, however, 
we neglect the double-recessive class, which has not been recovered in the original 
data, and consider only the other 3 classes, the situation gets quite difierent as 
shown below i — 


Methods 

Value of “ p® ” 

Cross-over 

percentage 

Value of X® 
for classes 1, 

2, and 3 only 

(1) Arbitrary value , 





•040000 

20-00 

•0360 

(2) Additive 





•014065 

11-86 

•0056 

(3) Product Ratio 





•008440 

9- IS 

•0011 

(4) Owen’s “ r ” 





•001293 

3-60 

•0052 

(5) Arbitrary value . 




* 

•000400 

2-00 

•0055 


la this ease the value of ^yj is the minimum for the Product Ratio and is 
higher for all other values of Hence this value of is dependent oa the 
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efficiericy of tlie metliofi and it is a minimum for a certain value of p® ” and rises 
valve is increased or decreased. We are further justified in neglecting 
ilio douhlo-recessive class in comparing values as this class has not been taken 
into consideration in evaluating ‘‘ p‘^ ” by the modified Product Eatio method, 
with which all other methods are being compared. 

This question, however, can also be tackled in another way. Looking at the 
theoretical Table III (p. 11), we find that in cases where the double-recessive class 
is missing (clue to errors of sampling), the value of “p” obtained from Owen’s 
r ’ is 12-50 per cent, (half the correct value) when the actual gametic linkage is 
25 per cent. On the basis of the theoretical tables we may regard the correct re- 
combination value to be about 7 per cent. {i.e. twice the value (3*6) obtained by 
Owen’s ‘ T ’), which is actually obtained hy the modified Product Ratio method. 
Further we know that Adchtive methods are more reliable than other methods 
when the double recessive class is not realized and in this case as well 11 per cent, 
cross-over value, obtained by Emerson’s method, is nearer to 9 per cent, than to 
3‘G per cent. Unless Owen can establish the fact that the absence of the double- 
recessive class in the above example is whoUy due to close repulsion and not also 
caused by errors in random sampling, the cross-over value, obtained by his 
method, must be very inaccurate. 

Considering all these facts we may conclude that the cross-over percentage of 
9 as arrived at by the modified Product Eatio method is a better estimate of link- 
than the very low value of 3*6 per cent, obtained from the Product Moment 
Correlation method. The above discussion is not meant to convey the impression 


that the modified Product Eatio 


efiicient 


usual Product 


hut it is simply to show that under such conditions, when one of the 

class is not realized, the modified Product Ratio gives rather the best 
estimate of the linliage relatiousliips. 

This again establishes the superiority of the Product Eatio method which can 
be used with reliance even in such cases. 




Examples. 

So far all the methods have been compared only theoretically with the help 
of Tables and formula, but it is essential to compare the actual results obtained by 
applying all these methods of evaluating recombination percentage to a few well- 
of Linkage and theu to calculate the value of for each solution, 
a few examples from both phases of linkage, i.e. Coupling and 
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(a) Cmipling. 

The well-known example of Coupling in sweet-peas as quoted l^y Puniirrti-, ^ 
may be first considered. The oliaracters concerned are shape of pollen and r.olour 
of flo^^ er aTiu the observed frequencies are ; — 

Exaiiple (1) 

Pueple Bed 


Long Eound 
{a) (b) 

mi 390 


Long Eound 
(0) id) 

893 1338 


=6952 


fsow, WG may calculate the value of ‘ ’ by applying all the methods under con- 

sideration and calculate the value of for each of them separately. 


(i) Additive Methods : 


Emerson : p' 


E—M 6169—783 


6386 

6952 


— == -774741 


Albert : 


1 6952 

p = -880194 ; 1— p = -119806 
« A— 1 , , E 6169 

A -I- 1 M. 783 

6-87867 


= 7-87867 


8-87867 


•774741 


Both these methods give exactly the same results. Hence only one of them will 
be considered in later comparisons. 

From this estimate, we may calculate the value of as given below : — 
PuEPLE Bed 


Long 

Observed frequencies . 4831 
Expected frec|uencies {m) . 4822-502 
Difference {d) . . . 8-498 

^ .... -0160 

y 2 = S .0802 
m 

(ii) Weighted Mean Method : 

— 2(a— b— c)-f-10d _ 
^ ~ 4n 

= *776611. 
p == -881256 ; l—p = 


Bound 

Long 

Bound 

Total 

390 

393 

1338 

6952 

391-499 

391-499 

1346-500 

6952 

—1-499 

1-601 

—8-600 

0 

•0057 

•0058 

•0537 

•0802 


2{4831— 390— 393)-fl3380 __ 21596 
“ 2780T~' 27808 

= -118744 


1 Punnett, B. 0. (1922) Mendelism ; Macmillan & Co., Ltd., London, 
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Total 

G952 

6952 

0 

•mi 


The value of will be as follows : — 


Observed frequencies 
Bxpected frequencies {m) . 
Difference (d). 


Total 

6962 

6962 

0 

•0765 


The value of y " will be as follows : — 

PUEPLE 


Long Round 

Observed frequencies , 4831 390 

lilxpected frequencies (m) 4826*752 388*248 

Difference {d) . . . 5*248 1*752 

# .... -0057 *0079 

m 

y2 _ S ----= *1741 
^ m 


Red 



Long 

Round 

393 

1338 

388*248 

1349*762 

4-752 

11*752 


•0582 ”1023 


(iii) Method of Maximum Likelihood : 

2 __ (a — 2b — 2c — d)4- y/ (a — 2b — 2c — d)^H-8dn 
2n 

___ 1927+ v/(1927)2+8 X 1338 X 6952 
i3'904 

__ 1927 + -y/ 37T3329 + 74414208 _ 1927 + 8838-93 


PUBPLE 


Red 


10765*98 
' '13904 


13904 

•774308(11) 


13904 


Long 

4831 

4821*747 

9*253 


•0177 


Round 


390 

392-252 

2-252 


•0129 


Long 

393 

392-252 

0-748 

•0014 


Round 

1338 

1345*747 

7-747 

•0446 
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(Iy) Product BIstiiod : 

(«) Prcdua Polio ; p s ^Here P 

be 

^ 4831 X 1338 6463878 

= 42-1731 


29 


393 x 390 163270' 


P“: 

P = 


43-1731— v/127-519 3 . 31-8807 
. 4M73i . .==414731' 

•879948 ; 1—p = .120052 

2-./4i:i^-PQ2)" 


: •774308(95) 


(h) Yule’s Q ; p ^ 

646387S— 153270 


Q = 


2Q 

6310608 


where Q : 
■963674 


6463878+153270 6617148 ' 

./4-2(-95S67.1H-909496) 2-/^7366' 1476875 

1-907348 “ 1+07348 = 


1-907348 


•774308 


Ihe value of ^ same as in the previous case, i.e., -0765. 

This IS a very mstriictive example in, showing that efficient statistical methods ’’ 
Will give practically the same result with fairly large samples. In the example 
cited by hisher,i the total population is about 4,000 and the value of ‘ p2 ’ cal- 
cuffited by^ the Product Ratio method and by the Maximum Likelihood method 
difter only m the fourth decimal place, while in this case with a population of about 
7,000 we find these two methods agreeing up to the sixth decimal place, while in 
oth^r cases with smaller populations we may find them differing even in the third 
decimal place. . ' 

(v) Method of Coeflioient of Correlation : 


P“ = 


3^1 

4 


-where r = - 


ad — be 


\/(a+b) (o+d) (a+c) (b+d) 
6463878 — 153270 6310608 

\/815^235l)67^ 


' y522i X 1731 
6310608 
"" “9032309-98 ' 
3-096010 


: 5224 X 1728 


: -698670 


•774002 


•S79774 ; 1-p = -120226 


* Kslier and Balmaluind ( 1928 ), ib. 


Q 



Tlie value of y ® will be as follows 

PUEPLE 




Observed frefjueuoies 
Expect, ed frequencies (m) , 
Difeeiice {d) . . 

il 2 


r— 

Long 

Round 

Long 

Round 

Total 

4831 

390 

393 

1338 

6952. 

4821-216 

392-784 

392-784 

1345-216 

6952 

9-784 

—2-784 

•216 

—7*216 

0 

•01986 

•01974 

-00012 

•03866 

-07836 


= sil. = -07836 


The data just worked out are interesting in several respects. The above ex- 
imple is from a case where the observed frequencies of the separate characters 
(ic., flower colour and shape of pollen grains) agree quite closely with the theoretical 
frequencies as is evident from the following :~ 

Piu'ple 
flower 

Ohserved frequencies , 5221 

Theoretical frequencies(»0 5214 
Bifierenoe {<Z) . • 7 

. -0094 -0282 =-0376 -0192 -0676 =*0768 

It is well known that all the methods will give nearly coiTect solutions when 
there is not a wide departure between the theoretical and observed frequencies of 
the linked characters and it is also evident from Tables I to III that with a 
theoretically “ perfect population ” all the methods give absolutely correct result. 
Hence in the example just cited, where the theoretical and observed fre- 
not difler much, we find that in all cases the value of ^ jg very ni- 
and always below 1 as shown in the following table : — 


Red 

Long 

Round 

flower 

pollen 

pollen 

1732 

6224 

' 1728 

1738 

5214 

1738 

7 

10 

10 

•0282 =-0376 

•0192 

•0676 


Methods 


(i) Additive methods 

(ii) Weighted Mean method 

(iii) Maximum Likelihood method. 
Product methods 

(v) Coefficient of Correlation method 


Value of p® 

Recombination 

percentage 


•774741 

11-9806 

•osoa 

•776611 

11-8744 

•1741 

•774308(11) 

12-0052 

■0765 

•774308(96) 

12-0052 

•0765 

•774002 

12-0226 

•0783 


■1^ 8ee footnote p. 38. 
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Tlie comparative efficiency of tiiese methods caoiiot be founa by referring to 
Bbierton's tables^ whioli do not include values of y ^ below 1.* Ilowever. we 
can judge the comparative efficiency of these methods from the values of ^ 
given by each method. A remarkable feature of the above table is that the Weight- 
ed Mean method gives the highest value of y while the additive methods give 
much lower values. Apparently this would seem to overthrow Dr, Fisher’s f^on- 
ceptioii that additive methods are the least efficient, but actually this has con- 
ilrmed his observations as regards the efficiency of the various methods. H’hc 
almve data are from an example of close Coupling and in such cases Additive methods a 
are nearly 100 per cent, efficient, while the Weighted Mean method is least efScient.f 
This is what we actually get in this case. 

Emerson has used this very example of Coupling in sweet-peas for comparing 
the solutions obtained from his method with those from Yule’s Coefficient of Asso- 
ciation ‘‘ Q,” but the actual data are different. He has taken the data quoted by 
Harris from the studies of Bateson, Saunders and Punnett ^ and they are : — 


Example (2). 

Purple Bed 

Long Round Long Round 
493 25 25 138 =681 


Here again we find that the Additive methods give quite satisfactory results 
and compare well with other efficient methods, while the Weighted Mean method 
gives the highest value of ^ as shown in the following table : — 


Methods 

Value of p ® 

Reeomhination 

percentage 

X ^ 

(i) Additive .... 




•8531 

7-64 

•4688 

(ii) Weighted Mean . 




•8320 

S-80 

1*4654 

(iii) Maximum Likelihood , 




•8508 

7-7610 

•4571 

(iv) Product Ratio 




•8507 

7-7G47 

•4568 

(v) CoeflScieiit of Correlation 




•8487 

7-8720 

•8607 


Elderton, W. P. (1901). Tables for testing goodness of Pit. Biometrika, 1: 165-163. 

^Pislier (1922, ib.) give.s value of x ® below 1 at page 98, but in all those cases the probability's 
above *00 and hence the deviations are not significant enough to enable us to arrive at any definite 
conclusion. 

® Bateson, W., Saunders, B. R., and Punnett, B. C. (1908). Experimental studies of the Phy- 
siology of Heredity, Report IV, Evolution Committee, Boy. Soc., page 11, 

S See Curves (a) and (b) in Pig. 1, page 6. 
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Example (3). 

We may take aHOtlier case of Coupling wkere the recombination percentage is 
somewhere about 50 and see the comparative efficiency of all these methods under 
these conditions. Bateson and de Winton’s data for the linkage of two factoi’s 
in Primula as quoted by Fisher ^ may serve for this : — 

The observed frequencies are : — 


The recombination percentage and the value of ® have Iseen calculated by 
all the methods and the results obtained may be summarised in the following 
table : — 


In this case we see clearly that the weighted mean method gives smaller value 
of ^ compared fco the additive method and that the weighted mean method 
approximates more closely to the “ efficient statistical ” methods in its solutions. 
However, the additive method also gives a fairly correct solution. The explana- 
tion of this lies in the graph given on page 5, where we find that for such high 
Keeoinbiiiation values, additive methods have got an efficiency of about 70 per 
cent, and hence tlie solution obtained from them is not far from the correct values. 

Here again we notice that the Product Moment Coefficient of Correlation gives 
a higher value of ^ Product B,atio. 


Fister, R, A, (1025). Sfeati.'itieal Methoda for Reaearc.lj Worlfn 


Methods 

Value of p ® 

Reootubination 

percentage 


(i) Additive 

■303124 

37-300 

•4434 

(ii) Weighted Mean 

•4O5S20 ■ 

3(r296 

•3907 

(iii) Maximum Likelihood . 

•401557 

3()«632 

•3646 

(iv) Product Ratio ; 

•401524 

30-034 

*3644 

(v) Ooeffioient of Correlation .... 

•4,03180 

3tv5030 

•3674 
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(b) Repulsion. 

IXAMPLE (4). 

Tlie relationslrip between the flower colour and shape ol pollen, in sweet-pea 
affords ns with a case of Eepulsion as well and the data given by Puiinetf-^- may 
be worked out b}" all these methods. The observed frequeiicieB in this case are : 


Mower 


PUEPLE 


Eed 


, ■ 




Pollen: Long Pound 

Long 

Bound 


a b 

c 

d. 


220 95 

07 

. 1 

=419 

(i) Additive method : 

227--192 35 ■ 

419 “ 

p = -289019 ; 1-p = -710981 

■riic value of ^ ^ for this estiniatf'- will be : — 



a 

b 

c 

d 

Observed frequencies . 220 

95 

07 

1 

Theoretical frecjiieiicies {m) 218-25 

96-0000 

96-0000 

8-76 

Difference id) . . . 7-75 

1-0000 

l-OOOO 

7-75 


.V = S . . .2749 

•0104 

•0104 

6-8600 

(iil Weighted Mean inethod ; 

2(226— 95--97)-fld 

78 



"■ 1676 1676 ■ 

]> = -215730 ; 1 ■ p - -784270 



The value of will be : — 

a 

b 

c 

d 

Observed frequencies . 226 

95 

97 

1 

Theoretical frequencies (wi) 214-375 

99-875 

99-876 

4-875 

Difference (d) . . . 11-625 

4-876 

2-875 

3-875 

d2 ■ 

7^ = 2 . . . *6300 

•2380 

•0826 

3-0800 


==•7-1557 


=4-0306 


Punnett, (1922), ib. 
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(iii) Maximum Likelihood method j 

_ (226— 190— 194— 1)H- \/(226- 


P“ = - 


-190—194—1)2 X 8 X 1 X 419 _ 


(-159)+v/(-159)^ : 


3352 


.^/2r)281 X 3352—159 
838 “ 


10-21288 _ 
838 

•11039G: 


-012187(2) 

-p = -889604 


p = *110390 ; 1- 
The value of y ^ follows :• 


Observed frequencies 


cetical frequencies {ni) 

210-7766 

103*4734 

103-4734 

1-2766 

fence (d) . 

15-2234 

8*4734 

6-1734 

•2766 

.sll. . . 

1-0995 

•6939 

•4060 

•0599 

m 





(iv) Product Ratio : 





p __ 226 X 1 

226 _ 

•024525 



95 X 97 

“ 9216 “ 





--2’25S3 


.. 2 „ 1-024526— 1-073575 
^ *975475 “ 

p = -109094 ; 1-p = -890906 

The value of will be : — 


—•0116096 
-•975475 ' 


•0119015 


Observed frequencies , 226 

Theoretical frequencies {m) 210*7467 

Difference {d) , . . 15*2533 

ic-t 

= S . . . 1*1039 


b 

95 

103-5033 

8-5033 


•6985 


0 

97 

103*5033 

6-6033 

•4086 


(v) Coefficient of Correlation method : 
226—9215 


-8989 


d 

1 

1-2467 

0*2467 

0*0488 


—8989 


=419 

=419*000 

=0 

=2-2598 


v/321 X 98 X 323 X 90 
—287812 

1—863436 -136564 


v/975419664 ’ 3!.232*189 


03414 


1—0 ==. -815228 
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The value of ^ ^ will be as follows : — 



a 

b 

c 

(1 


Observed frequencies 

226 

96 

97 

1 

«419 

Theoretical freijneneies (m) 

213*0763 

10M737 

10M737 

3*0 j 1)3 

==4101)00 

IHfieronco {d) . . . 

12*924 

6*174 

4*174 

2*576 

,,==0 


*7838 

•3767 

“1722 

1*8569 

=.-3.1886 


Tt! OTdr*]* to crirnpare the results obtained above, we maj see the h>llctwiuo 
table : — 


M.etliotis! 

Value of p- 

Beeombination 

porceui.age 

X ^ 

(i) Additive 

•083532 

28-9019 

7-15.57 

(ii) Weighted Mean , , , . 

•046539 

21 -.5729 

4-0306 

(iii) Maxiintim Likelihood . , . . . 

•012187 

11*0396 

1,2-2583 

(iv) Product Ratio ...... 

•011901 

10*9094 

! 2-2598 

(v) CoeiSoient of Correlation, 

i 

•034141 

18*4772 

3-18S8 


The results obtained in this case agree more or less with those obtained by 
Fisher as given in the next table. We again find close agreement lietween the 
methods of Maximum Likelihood and Product Eatio, while the Ooefficient of 
Correlation method departs significantly from these two methods. 

Here, we strike a.t the very root of the efficiency of Additive methods and we 
get a very unreliable cross-over value by these methods. We can never harmonise 
28*90 per cent, of cross-over value obtained by additive methods with 10*90 per 
cent, as olttuined by Product Eatio method. The former value gives a gametic 
ratio of 2-16 : 1. while the latter gives 8*18: 1. One of them must be very in- 
correct, and by calculating the value of we find that the additive method gives 
a value of 7*23 for y while the product ratio gives a value of ^ ^ of 2*25, Evi- 
dently the latter is the more reliable result. 


I]0 
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Example (6). 

Simiiar results Eave been arrived at by Eisber worldng 
Carvei’^ sbowing linkage between tlie sugary factor in maize and a hict^ 
base leaf. Tbe results are given in the following table : 


f, i'roio. 
" while 


Methods 


(i) Additive . . . 

(ii) Weigli ted Moan . 

(iii) Maximum Likelihood . 

(iv) Product Ratio 

(v) * Coefficient of Correlation 


Value of p - 

Recombination 

percentage 

•057046 

23-880 

•045194 

21*260 

•035712 

18-898 

■035645 

lS-880 

•041723 

20-426 


Value of j ^ 


9-7i70 
3-SOOO 
2-0154 
2-0 15S 
2-8010 


The above values are strikingly similar to tlioso obtained in Example 4. 

Example (6). 

In another case, where the rcconibination value approai-lie.s oO js'f (-(‘id.., we 
get somewhat different results. As an example of this, we may take the duiiu. given 
by Emerson.^ Here the linked characters are form oi fiov.C'r (normal or cretin) 
and fertility of anthers as observed in sweet-peas by llaiosun and i uimclt 
The frequency of the various classes arc : — 

Noemal Ceetin 


Fertile 

336 


Sterile 

160 


Fertile 

143 


Sterile 

11 


=640 


The })ercontage of cross-over and the coiTcspondmg value of have been 
calculated by all the methods and given in a tabular form as follows 


(i) Additive 

(ii) ■\Vciglited Mhan . . 

(iii) Maxiimiin Likelihood . 

(iv) Product Ratio . 

(v) Coefficient of Correlation 


Value of p® 

Recombination 

percentage 

7.“ 

•084375 

29-0474 

•moo 

•O705(i2 

27-6700 

•3565 

•0716S9 

20-7748 

•30 i 6 

•071677 

26-772() 

•301 () 

•074734 

27-3375 

■.‘5236 
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TIi 6 value of p(; ^ is alvrays below one, but its relative value is tie £anie as in 
previous case, i.e., tlie Additive metbod gives the highest value, then comes the 
^^'eigiited Mean method and Coefficient of Correlation and the lowest value is given 
by tlie methods of Maximum Likelihood and the Product Eatio. Thus, i]i the 
Eepulsion riiase, the additive methods can never give reliable results unless the 
population is perfect”, and they are absolutely unreliable in cases of close repul- 
sion. 

V. General considerations. 

In all the examples so far worked out, the value of ^ is in most cases very 
insignificant, although within each exanix>le it shows a certain relatiojisliix> betwetm 
the various methods for which its value is calculated. The relationship holds good 
:i“oT all tlie examples in spite of the great variation in the actual value of y “ fi-om one 
example to another. Thus in example 1 (p. 27) the value of y - varies from -07 to 
•170, wliilc in examxde 2 (p. 31) from ‘IS to 1*46 and in example 3 (p. 32) from 
•36 to *44. But if we consider the relative value of y as is suggested below, it 
is found to convey a certain relationship which is common to all these examjiles. 

An idea of the relative value of y - can be had by finding out the ratio of the 
actual value of y ^ obtained for the solutions of each method to that of the value 
of y^ “ for the Product Pi-atio method. This relative value has been calculat- 
ed for all the cases considered in the above account and is given in the following 
table : — 

Table VI. 


Cou'pling-PlmsG. 


Methods 

Example Ko. 1 
Like AGE- Value 
Nearly 6% 

i EXABIPtE No. 2 
Linkage-Value 
Nearly 10% 

Example No. 3 
! Linkage-Value 
Neaely 40% 

Actual 
value of X® 

Eelative 
value of X® 

Actual 1 
value of x" 

Relative 
value of x^ 

Actual 
value of X” 

Relative 
value of y} 

AcHitivo . • 

•4688 

1-026 

•0802 

1-048 

•4434 

1-216 

tthiiglitcM Mean . 

1-4654 

3-210 

•1741 

2-276 

•3907 

1-072 

Maxiinuin Likelihood . 

•4571 

1-000 

•0765 

1-000 

•3646 

1-000 

Product llatio 

•4568 

1-000 

•0765 

1-000 

•3644 

1-000 

Coefficient of Correlation 

•8607 I 

1-884 

•0783 

1-024 

•3674 

1-008 
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Table VI — mntd: 
Repulsimi-Pkme. 


Example No. 4 
Linkage- Value 
Nearly 10% 


Example No. 6 
Linkage-Value 
Nearly 20% 


Example No. 6 
Linkage-Value 
Nearly 30% 


Additive . . 

Weigikted Mean . 
Maximum Likelihood . 
Product Ratio 
Coeifioient of Correlation 


7*1657 

4-0306 

2*2683 

2*2598 

3*1886 


3*108 

1*784 

1-000 

1*000 

1*411 


9-7170 

3-8600 

2-0164 

2-0168 

2-8010 


4-820 

1-916 

1-000 

1-000 

1-390 


0-6490 

0-3666 

0*3016 

0*3016 

0*3236 


2-162 

1-182 

1-000 

1-000 

1-073 


From tlie above two tables it is clear that the relative value of ® is always 
about the same for the two “ efficient statistical ” methods (iii and iv) and for all 
other methods it 'ncreases, sometimes considerably. 

These tables also show that in Coupling Phase the Product methods give tlie 
lowest value of y while in. Repulsion the method of Maximum LOcelihood gives 
the minimum value. Hence we may regard the latter method to be more efficient 
in Repulsion Phase and the former in Coupling, but actually the difference in the 
oi for these two methods is so insignificant that either of them may be 
used under all conditions. The additional advantages possessed by the Product 
Ratio method make it valuable for general use. 

Further it is interesting to calculate the value of for the original data, con- 
sidering the two linked characters separately, and then compare it- with the value 
of for the linlra,ge-values calculated by the Product Ratio method or by the 
method of maximum likelihood for all the examples. The following table shows 
this comparison : — 


Value of X® 'i' 
for character A 
a+b : e-fd 

Value of X® 1’ 
for character B 
a-pc ; b+d 

Value of X® 
for the linkage 
value by 
Product B,atio 
method 

-0376 

•0768* 

■0766 

•4364* 

•4364 

•4568 

•3700* 

•0244 

•3644 

•9734 

•5815 

2-2694 

■7840 

■6575 

2-0158 

•3197* 

•0652 

■3016 


Example No. 1 (Coupling) 


4 (Repulsion) 
6 


widest deviation. 

ciliated ivhen eonsideriug only one cliaractei- but it Im.s l)eeii done ho, in 
tbe close agreement between the tw-o values {i.e., thuse marked ='= and’ tlie 
last column). The signtQoance of this value of X® cannot be found out by 
tables. It is simply of theoretical interest. 
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It is evident from tlie table that tlie value of “ for the linkage- value obtained 
]:•}' efficient statistical methods is in most cases less than the value of ‘j ^ for the 
character showing the widest deviation from the theoretical frequencv. Hence 
the value of in tlie last colunm measures the discrepancy of the data itself and 
not the discrepancy of the solutions. As the value of for the original data 
diminishes, the value of for the efficient solutions also simuitaneously decreases ; 
this is evident from examples Nos. 1 and 2. Only in cases of close Eepnlsion (Ex- 
amples Nos. 4 and 5) we find that the value of yj is slightly significant. An ex- 
planation of this high value of in cases of close Eepnlsion, is to be foitnd in 
the graphs given in Figs. 2 to 6. 

Figs, 2 and 3 show the relationship between the value of “ I* ’prtjduct 
ratio — and the percentage of cross-over for Coupling and Eepnlsion respeetiveh’. 
In the Coupling phase we find that with each rise of Kecombinaticiii perc^entage 
the value of “ P falls down remarkably, especially in cases of close coujAing. 
The difi’erence is so great that it was not possible to show in the graph the value 
of “ P ” correspoiiding to verj?- low Eecombination values and hence thtiy are given 
below to give an idea of this relatioiiship : — 

Eecombination Value of “ P 
percentage 

1 7300 

2 1812 

3 792 

4 438 

5 275-5 

The variation in the value of “ P is very remarkable in close coupling and its 
value is always more than 1 . In Eepnlsion phase, the conditions are just the reverse, 
i.e.^ the value of “ P ” is always less than 1 and in close Repulsion the variation 
is very insignificant as is evident from Fig. 2. Hence, in cases of close Repul- 
sion, the slightest change in the frequency of the zygotic classes will affect the 
Eecombination value appreciably. In practice, due to errors of sampling, we 
seldom realize theoretically corre-ct frequencies; this leads to error in Recombina- 
tion value and consequently the value of yj is also affected. Even with the most 
efficient methods we are sure to obtain fairly high values of ■when there is 
close repulsion. 

The above facts also explain "why even the less efficient methods give quite 
satisfactory results in cases of close couplmg, while they absolutely fail in eases 
of close Repulsion. A still more clear idea of this relationship of Couplmg and 



Fig<, 3. HeimlsiBn Phana 



Mecambination Peveentage 


RepuLsioii is given by means of Fig. 4- wliere tlie relation between the frequency 
oi: zygotic classes and tbe Encombination values (for Coupling and Repulsion) lias 
been shown in the same graph. The curve clearly shows that the zygotic classes 
vary much less in Repulsion than in Coupling, 
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f’lf/, 4. The Relationship of the frequency of s^ygotic class ‘ « ■ 
cross-over percentage. 

The same curve tvill he true for other classes as well, 


Coupling 


B/€ptilsion 


Eepulstoa 


Coitpling 


Recombination Percentage 


Albert’s constant when plotted against the gametic frequency, gives, 

a curve (Fig. 6) very similar to the one obtained for the Product Eatio 
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Ff.g^ 4, Tim liekiMonshi^t of the frequency of zygotic cMms ‘ * to 

croHS-ouer pereentnge^ 

The same curve will he true for other ekisses m: welt. 



Albert’s constant ‘ t when plotted against the gametic lVe.jm.ncy, giws 
ft curve (JTig. 0) very mmilar to the one obtained for the Product Eati,’, 
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Fig. S 



Keeorrhbt'rhfxtioyx pereentctqe 


THE CALCULATION OE LINKAGE VALUES 



H c/m Isiofi. 


,SiO'n| 


8 7 6 5 4 3 2 1 2 3 4 
— 1 ; 1 (hinmlin SerU 
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P . the wiation is not 80 great and hence the two ciirvas for Coiip- 

hng and Kepulswn couM be shown in the same graph. Even in to case the varia- 

Ao xc ^ 'S “™h more in Coupling than in Eepnlsion. 

All these facts point to the practical difficulties in obtaining an accurate Ke- 
3re”1ri™f"r- “ “‘i Repulsion; while with clL Oo,ipling even 

sS fiXn t v T^r 'VTfr ^ BecombinaLn value 

ffi “f ;,os?coS 

tinn'!^„f ^ previous pages have served as practical illiistra- 

m°rte 1 by »!■ Ksher as regards the efficiency of the various 

Wof tl^ oaRulatmg hnlrage-valnes. These examples clearly show the limita- 
■ions o.Uhe various methods and establish the superiority of the Product ratio 
method and. that of the Maximum likelihood. 

of *T recommended for general use becruse 

zyvofe ctair unaffected by differential viabiUty of the 

VI. A METHOn FOR FINDINO OUT THE VALUE OF “ p2 ” ruom AEY CONST, ANT AND 
FOR ANY ZYGOTIC SERIE.S'. 

This IS based on the relationship that exists between any gametic series and its 
^atirb 7"”'“ r“- “®tbod of representing the phono! 

^re r r f ®T ^'‘brson and Pnimett i 

where two separate tormute are given for CoupUng and Eepiilsion. Thus— 


ab 
n— 1 
1 


Coupling 

Gametic series. 
AB Ab 

aB 


n~l 1 

1 

Repulsion 

• * 1 n — 1 

n— 1 


Zygotic series. 
AB Ab 

aB 

Coupling . 

3n2---(2n— 1) 2n— 1 

2n— 1 

Repulsion , 

2n2-{-l 

n2— 1 


ab 


-(2n-l) 
1 


However, Emerson has suggested a general formula for calculating a pheno- 
typic sygotio series from a given gametic ratio. He represents the gametifr ”o 
by r ; s and then the gametic series will be r : s : s ; r and the sygotio serie=’fot 
dihybnd segregation both for CoupUng and Eepulsiou will be:- 
3r2 + 2(sg + 218 ) : s^d-2rs : s^-f 2rs : r^ 


^ Bateson and Punnett ( 1911 ), 
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and tlio Mim of tlie zygotio series will ])e (2.r-f2s)^. Tlie above series <*.ari be o1)t;uin 
ed for any segregation l>y writing out tlio 0<.in.otypes in ttwins of ‘ r * ainl s ’ and 
tluni adding up the phcnoty})es S(;parateiy. On this basis Wofxhvorth ^ has d(‘riv'ed 
sevta’al formiilao specially applica,])le to bis })a7-ticula,r prohltan, wltert; oik' of (be 
linked cbaractcrs is dctoruiincd by Duplie.ate fa<,'.tors. 

Ifrona. bis tables as well as from tbc fonmilai, it; is evident) that (be. process is 
not a simple one. His formulae could be simplified imiterially by substituting ‘ |> ' 
and 1- -p ’ for r and s respectively. Tliis lias also Ix'.en suggested by Collins-* 
who lias shown bow Woodworth’s formula (2) for two clnu-aoters si^gregal-ing in the 
16 ; 1 and 3 : 1 which is given as 

12r‘^ d- ll(a^ d- 2rs) : 3r^ d~ ^(s^ d- 2rs) ; s‘^ d" 
becomes 11 d- ^ 4-p® • 1 — • P^ 

if ‘ p ’ and ‘ I— p ’ arc used for the cross-over and non-cross over gametes instead of 
‘ r ’ and ‘ s’. So far there has been no suggestion for avoiiling the complicated pro- 
cess followed by Woodworth in arriving at tin; above formula. A, very simple 
method for representing the ijygotic scries in terms of gametic series is sugg<?sted 
in the following pages. 

But before coming to this, we mnst clearly understand what relationship 
exists between the symbols a, b, c and d in dealing with linkage problems whore 
tnerous Mendelian factors are concerned and hence the number of theoretical 
phenotypes increases with the number of factors involved. In considering the 
linlrage relationship of any two characters, we have to deal with only 4 phenotypes 
at a time, however complex may be the characters. In sweet-peas, we come 
across linkage between sterility of anthers and form of flowers ; this may be 
in terms of a, b, c and d as follows : — 


As each of these characters are actually dependent on single factors, their dis- 
tribution in the above form is quite easy to understand. Now, let us assume that 


0. M. (10S3). Calciilatioa of iinfeage intejisifies ■where duplieiitie fectora are con» 
8: lOfi— 115. f 

i08audll2, 


a 

Cretin 

Iferfcilo Cretin 
aB (b) 

Sterile cretin 
ab (d) 


b 

Sterile 


A 

Normal 

Normal Fertile 
AB (a) 

Normal sterile 
Ab (c) 
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formal Flowers are due to tlie interaction of 2 factors A and B giving a 9 : 7 ratio 
of Kormal and Cretin flowers, and that the fertility of the anthers is caused by the 
presence of a single factor C. According to normal Mendelian conception, the 
various theoretical Phenotypes will be 

27 ABC Normal Fertile 
9 ABc „ Sterile 
9 Abe Cretin Fertile 
9aBC 
SabC 

3 aBc „ Sterile 
3 Abo „ „ 

1 abc „ „ 

These phenotypes, when expressed in the 2x2 fold table terminology, will 
become 


ABO 

Normal Fertile 
(«) 

AbC + a-BC + abC 
Fertile Cretin 

ib) 

ABo 

Normal Sterile 
(0) 

Abc -f- aBc -h abc 
Sterile Cretin 
{d) 


The form of the table and the number of phenotypes is the same as pieviously, 
but the frequency of the various classes will be quite different. In this way we can 
express the linkage relationship of any two characters whether the individual 
characters are dependent on one, two or more factors. In all linkage considera- 
tions the symbols a, b, c and d stand for the frequencies of the cross-over and 
non-cross-over zygotic classes and not for theoretical phenotypes. Each of these 
classes may comprise several theoretical phenotypes. 

Ta king the simple case of two characters each segregating in 3 : 1 ratio, we 
find the following general formula to represent the relationship of gametic and 
zygotic series, as given by Emerson : — • 

3r2-j- 2(s2-f 2rs) : s^-f 2rs : s^-f- 2rs : r^ 

‘ a ’ ‘ b ’ ^ c ’ ‘ d * 

This when expressed in terms of ‘ p as already suggested, becomes 
2 p^ : p^— 1 : p®— 1 : p^ 

‘ a ’ ‘ b ’ ‘ c ’ ' d ’ 




48 


THE CAicULATioii OF LINKAGE VALUisB 


TfliK relatioiisliii) holds good whether there is any liiiikag(‘, or not. Now, 1<‘(; 
(IS assume that there is no linkage and in such a case the value of ]> will lu; -50 (oO'Vo) 
iuid that of = *25 ; because when there is 60 per cent. cross-ov<T, tlie, natural 
result will be that all the gametes will be formed in equal mimljcrs. WIk.mi p ”6, 
the ratio of the classes a*, b, c and d may bo expressed as follows : 


a : 

b : 

c : 

d 



24-?" 

1-p® 

l—p® 

p® 

(1) 

1 

2-25 

0-75 

0*75 

0'26 

(2) 

; i 

9 

3 

3 

1 

(3) 

, Ol 


{vhich is a simple dihybrid ratio with no linkage. The relationship of the classes 
a, b, c and d, as given in the expression (1), will be true for all values of “ p but 
the actual ratio will change with the value of " p*^* 

The ratio of the classes a, b, c and d may be numerujally written from the ex- 
pression (1 ), if we assume that there is no linkage, and p ™ >6. The c.onverse of 
this will also be true, i.e. when we know the numerical ratio of the classes a, b, <; 
and d, they can be expressed in terms of ‘ p® ’ by assuming that p ™ *60 and in 
this way we can obtain any number of expressions to represent tin*, various pheno- 
typic ratios obtained in Mendelian segregation of two characters. 

Three general rules may be given on the basis of which we can express all types 
of ratios in terms of ‘ p® * ; — 

(i) In all cases where each of the two linked characters are determined by the 
presence of a single pair of factors or where one or both the characters arc deter- 
mined by Duplicate or Triplicate factors, wc can represent the 4 dilferent classes 
in terms of ‘ p® ’ as shown below ; — 

Table VII. 



Classes 


FhBtiot;ypic ratio 


llEMARKS 


( 2 ) llatio in tc'-rinn of 
•20 (i.e. actual 

ratio divided by 


lio in tcj'iie 
p” {assumin' 
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ii) 


riujilotypic j’atio 


Classes 


a 

b 

c 

d 

llEMAKKS 

(ii) IS : 1 and 3 : 1 . 

45 

11-25 

ll+p2 

15 

3- 75 

4 — p2 

3 

0- 75 

1- p2 

1 

•25 

p2 

(1) 

(2) 

(3) 

(3) 15 ; 1 and 15 : 1 , 

225 

56-25 

o6-fp® 

15 

3- 75 

4 — p2 

« 4 

1 

•25 

p2 

(1) 

(2) 

(3) 

(4) 63 : 1 and 3:1 . 

! 

189 

47-25 

4.7 +p2 

63 

15- 75 

16— p8 

3 

-75 

l-p2 

1 

•25 

(1) 

(2) 

(3) 

(5) 63 : 1 and 15 ; 1 . 

945 

236-5 

236-|-p2 

63 

15- 75 

16— p2 

15 

3-75 

4— p2 

1 

•25 

P“ 

(1) 

(2) 

(3) 

(6) 63 : 1 and 63 : 1 . 

3969 

992-25 

992 +p2 

63 

15-75 

16— p2 

63 

15-75 

16-p2 

1 

•25 

p2 

(1) 

(2) 

(3) 


have • + p- . wMe the JdaiecW ‘ b. i:,” Th""- ’ 

iCtl r ™ II X '"frX relationship exists. 

‘p= ’ila.lwly“? “ ™ 

(li) M’heu however, one of the characters is determined by two comnlementirv 

L XX hX the\„effic3 rX 

of ‘r^’ Vr * •'* Mmber of complementary factors Increases, the coefficient 
fi ‘ I ■ f progression, f.e. with 2 complementary Xcm 

•>2 oomplementary factors, the caeifioient of p* is 

P emenX fcL, i’" ? ®™T ‘ the nnmber of com- 

I mcutaiy factors mvolyed in banging about a character, the coefficient of 


GO 


O-Hlil OAtCtJLA'riOiT Of LlNKAGlfl VAlArfB 


1; 






TliiB will bo more clear from the lollowing whioii ^ivoH varioiiM 

plienotypic ratios for two linked cliara(5ters, one of wbicli is (letcnniiHHl by eonii)l(‘.- 
inentary factors and tbc other by single factor or by duplicate or triplic-ate 
factors : — 


Table VJIL 


ClasKOH 


Phenotypic ratio 


(l)9;7and3;l . 


(2) U ; 7 and 15 : 1 . 


(3) 0 ; 7 and 63 ; 1 . 


(4) 27 : 37 and 3 : 1 


(5) 27 ; 37 and 15 ; 1 


(6) 27 : 37 and 63 : 1 


Coefficient of p® 

a 

b 

0 

d 



27 

21 

9 

7 

0 ) 

3{«'-i)pa=3p® 

6-76 

6*25 

2*25 

1*76 

(2) 

6+3p2 

6— 3p2 

3— Sp'* 

l-b3p» 

(3) 

n'=2 

135 

106 

9 

7 

(0 

3(a'“i)p2=3p“ 

33*75 

■ 26*26 

2*26 

1*75 

(2) 

33-1 3p2 

■ 27— 3p2 

3— 3pa 

. 

WV 


n'=2 

667 1 

441 

9 

7 

(1) 

3(n'-i)p2=3p2 

141*75 

110*26 

2*25 

1*75 

(2) 

14143p“ 

ni— 3p“ 

3— 3p« 

l-l-3p2 

(iO 

n'=3 1 

81 

111 

27 

37 

(1) 

3(n'-i)pa^.9p3 , 

20*25 

27*76 I 

6*76 

9*25 

(2) 

(18-1-2*25) 

lS-|-0i)“ 

(30—2*25) 

30-9p“ 

, (9~~2*2r.) 

9--9p« 

(7+2*25) 1 
7-|-9p8 5 

m 

n'=3 

405 

■ 565 ■ 

■ ' 27 

37 

(1) 

3(>^'-l)p3=r:9p2 

101*25 

138*76 

6*75 

9*25 

(li) 

(99-1-2*26) 

99-l-9pa 

(141— 2*25) 
141-9p2 

(9—2*25) 
0— Op- 

(7-1-2*25) 
7-1- 9p- 3 

(9) 

n'=3 

1701 

2331 

27 

37 

U) 

3{n' ~i)p2^9p2 

425*25 

582*75 

6*75 

9*25 

(2) 

(423-1-2*25) 
423 1-9p2 

(585—2*25) 
685— 9p2 

(9—2*25) 
9— 9pa 

(7-1 2*25)) 

7-1 V ^ 

(•‘{) 

n^=:4 

243 

625 

HI 

175 

(!) 

3(n'-i)p2=27pa 

60*75 

131*25 

20*25 

4 3 *75 

(2) 

(54-1-6*75) 

66-+-27p2 

(138—6*75) 

13S-27p“ 

(27- 0*75) 
27- 27p« 

(37-1 6*75)7 
37-l-27i«+i 

(i!) 


(7) 81 : 175 and 3 ; 1 
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The coefficient of ‘ p2 ’ must always be the same in all classes, i.e. if class ' a ’ 
IS represented by ‘ 9p ^ the classes b, c and d must also have 9p‘^ 

(iii) In cases where both the linked characters are determined by complementary 
lantors, the phenotypic classes are represented in such a way that, the coeflicient of 
p“ ]s 8 ”“2, where n' the number of complementary factors involved. 


Table IX. 


Phonoty]>io ratios 

Coefficient of p® 

Glasses 

a 

b 

e 

d 

(1)9:7 and 9:7 . 

n'=4 

3(n'~3)p2^9p2 

81 

20*25 

(18-I-2-25) 

18-!-9p2 

63 

15-75 

(18—2-25) 

18— 9p3 

63 

15-75 

(18-2-25) 

18— 9p8 

49 (]) 

12-25 (2) 

(10+2-26)^ 

> (3) 

10+9p2 J 

(2) 9: 7 and 27: 37 

n'=5 

8(“'"2)p2=27p2 

243 

60-75 

(54+6-75) 

54+27p2 

333 

83-25 

(90—6-75) 

90— 27p2 

189 

47-25 

(64—6-75) 

54— 27p2 

259 (1) 

64-75 (2) * 

(68+6-76)'^ 

y (3) 

58+27paJ 

(3) 27 : 37 and 27 : 37 

n'=6 

3(n'-8)p2^81p2 

1 729 

1 182-26 

(162+20-26) 

162+81p2 

999 

249-75 

(270—20-25) 

270— 81p3 

999 

249-75 

(270—20-25) 

270— 81p8 

1369 (I) 

342-25 (2) 

(322+20-25)') 

H3) 

322+81p2J 

(4) 81 : 175 and 9 ; 7 

n'~6 

3(n'-2)p2^81p2 

729 

182-25 

(162 +20-25) 

162+81p2 

1675 

393-75 

(414r~20-25) 

414— 81p2 

667 

141-76 

(162— 20-26) 

162— 81p8 

1225 (1) 

306-25 (2) 

(286+20-26)^ 

M3) 

286+81pa J 
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Tl)o fj'oquency of tlio cliissf'P a, ]), c and d c;x|)ro,sst‘<] in oi ' [*“ , n.M ii;iv(*n 

in 2’ahl<‘.fi VIT-iX, ]nay also l>o arrived af. by nie,;itiM of elieekerboai-d, vvliere linka,y;e, 
is a.ssmned )>et\ve(Mi any hvo factors, say A and (J, aiui liie inicnsii.y ol linka<^e- 
as ‘p’. Th(*n l.lni frequcniey of juni'Cross-over jfatncic's will Ix', " p ’ aiai tind ol 
ih(! c,ross-ovei.’ gainet(‘.s Avili be .l^Voinlliis {‘iicckcrlioard oi a, •i■]ly})rid 

seo'r('"a,tion we may wi’ite out all the phenotypes and lla'ir Ireipiency in f.enns 
of ‘ p'^ ’ as given in tlui following table : - - 


Taule X. 


Pli(mo|,y]K)3 

No. of factors 
present-., i.e. 

.Preqntaicy ia 
t(!niis of p“ 

Knitpuaic.y ia 
icriiis of p^ mid a' 

81 ••»=(A)R(C)1) . 

4 

9p2~l-;i,8 

3(’‘''-“)p2|-2-3'i'-" 

27 (A)B(C)d . . . 


3p«-l-0 

3(”'-3)|,2.|.2.;p‘'--a 

27 (A)]»(C))U . . . 

3 

3p2q.G 



p7 ABcD . 

3 

9~-9p“ 


w 

^27 aEOJ) . 

3 

9--Up2 

2(u'-i)_j5{a'*-t)pa 

'3 





9 (A)I)(0)d 

2 

p«-!-2 


•[•9 (a)B(o)T) 

2 

9p« 

!}(n')p3 


fO ABcd . 

2 

3-~3p2 


classes. 

OAbcE . 

2 

3— 3p“ 

2C»'~i)-~3(»'"-‘)p2 

9 aBCd . 

2 

8-~3p2 


<u “< 
1 

9 abOD . 

2 

3--3p=^ 


p 

3 Abed . 

1 

, ; 



[s abCd . 

1 

l~q)2 

;gu'~i)p2 

t3(a)B(e)d . 

1 

3p=' 

3n'p'^ 

t3{a)b(o);D 

1 

3p‘‘ 

3n'p''* 

1 1 (a)b(e)d 

0 

pS 

3n'p'‘® 


* Tho braokcited ftic.tors arc liukfsd to»iitIinr. 

t Both till! linked fnefcom reoosiilvu 14 these! rhenotypi*'; uml fcln'ir fri'iitn'iiey Is in n Hlij'hth'- 

dlllEereiit form. 
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The fourth column of this table shows a constant relation between the frequency 
of the j)henotypes in terms of and the number of factors present in each pheno- 
type. But this relationship differs in cross-over and non-cross-over classes. In 
the classes where linked factors remain together {Le. non-cross-over) the coefficient 
of p" is always -f while in the classes where the linked factors break iip {i.e. 
cross-over) it is — The frequency of the phenotypes, in which both the link- 
ed factors are recessive (marked f) is represented by 3n' only. On the basis of 
these formulsn, one can write out the phenotypic frequencies in terms of of any 
Mendelian segregation without the trouble of checkerboard. 

With the help of Table X, let us consider a case of linkage where both the 
characters are determined by duplicate factors AB and CD ; the factors A and C 
being linked. In such a case, the four different classes will be : — 


a 

b 

c 

d 

81 (A)B(C)I) = 18-f i.)p2 . 

27 (A)B(C)d == 6-!-.V ' 

27 ABcD == 9~9p2 

27 (A)b(C)D =--• 6+3p5! . 

27 aBCD = 9--9p“ 

9 (A)b(C)d = 2-!-p« . 

9 AbcB = 3— Sp2. 

9 ixBGd = 3— 3p2 

9 {a)B (c)D = 0p2 

9 ABcd = S--Sp2 

3 Abed = 1 — p- 
3 (a)B(c)d = 3p^ 

9 abCD = 3— 3p2 

3 abed = 1 — p- 
3 (a)b(c)D == 3p2 

1 abed = p- 

225 = 66-j-p3 

15 = 4— p= 

15 = 4 — p* 

1 = p” 


When one of the characters is determined by complementary factors and the 
other by duplicate factors, then the four different classes will be : — 


a 

h 

c 

d 

81 (A)B(C)D = 18+9p2 
27 (A)B(C)d = 6-f- 3p2 . 
27 ABcD = 9— 9p^ 

27 (A)b(C)D=6-{-3p2 
27 aBCD == 9— 9p‘- 
9 (A)b(C)d = 2+p2 

9 AbcD = 3 — 8p" 

9 aBCd = 3— 3p2 

9 abCD = 3— 3p2 

9 (a)B(c)D=+9p2 

3 abCd = I— p2 

3 (a)b(c)D = -i-3p2 

9 ABcd = 3— 3p8 

3 Abed = 1— p2 

3 (a)B(c)d=-f3pa 

1 (a)b(c)d - +pa 

, 135 =. 33-b3p® 

105 = 27— 3p2 

9 = 3— 3p2 

7x=;,l+3p2 
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Similarty vre can derive all the expressions given in tallies VTf to IX, hut this 
lengthy process is not at all required after knowing the sinipie rthitionship 
exists between the linkage-value ‘ and the fretpieuey of tlie e.iassf'e* a, ]»,, a :iD.l iL 
This lengtliy method is analogous to the one adojiled by W'uodwnu’th. li is 
given here simply to show how tedious is the process, st-i)l theresuli-s oliiained aie 
just the same as by the simple method already s(iggest(‘d. 

For working out the frequency of the classes a, h, c. and d by (his short nu'i-leid, 
one has simply to write out the phenotypic ratios, assuming 50 per cuait. linkage, 
and to divide each term of the ratio by 4. Then the fr(K(noneies e,ouid be. cx])rcss- 
ed as x-h: or Sp^ or 9p^ etc, according to the naiure of iho factors 

involved in determining the linked characters (p. 48—5!) and the nature oftl'c 
classes, i.c. cross-over or non-cross-over. The cross-over classes always have ‘ — ]»-’ 
and the non-cross-ovor classes have p^ 

In the last few pages we have been more or less cunlined to tlu‘ Coupling Phase 
only. All these formuhe and tables Avill hold goo<l even lor Repulsion Phase, only 
by slight alteration in the expression of cross-(»ver and non-cross-over gametes, 
ie. ‘p’ will represent the cross-over and ‘ 1-p ’ the. non-cross-over ganie.te.s. 

By the method suggested here, we can easily represent all ihe, phe.noty]>ic cla^^ses 
in term of ‘ p^’ and once this is done, it is very easy to calculate tlie value, of ‘ jr’ 
from any constant expressed in terms of the classes a, b. c and d by e.(|nat'uTig 
the two identities. This is further explained by taking a simple case of dihybricl 
segregation and deriving the formula for various constants dealt witlj in the 
foregoing pages. Thus— 


Phenotypic ratio. 
3 ; 1 and 3 : 1 . 


2d-p3 


Glasses. 

I) c 

l„..p2 l.„.p2 


.Now, we may take some of the constants and express their value in terms ol 
p® and in this way arrive at the formuke suggested iu this paper. 


Albert’s Constant k = 


16E 


16(a~|-d) 


n a-l-bd-c-hd 
By substituting the value of a, b, c and d in terms of * we obtain 

k= m !+g) ^ Mp!±i)==8(p^+ii 

2+pM-1-pH-1™P“H-P^ ■ 4 ‘ ' 

Ar 8p2+8 
^3 _ k -8 

Similarly, the constant P = ^ jP ^ 

bo (1— 1+p^— 2p2 


•WhPTo p*»«*J56 And the romaining whole number Is repiffientcd by x. 
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This leads to a quadratic equation of the form 
p4(p_i)„p2(2P+2)-f P «= 0 

,_ (P+1)-a/3P+1 

(P-l) 

It will be instructive to derive the formula given on page 24 in connection with 
the evaluation of linkage- value from Owen’s^ data on soybeans, vrhere one of the 
zygotic classes is not recovered. 


In this case P = ^ (as explained on page 19) 

= (114-p¥ 121-f22p^+p4 

(4--p2) (1— p2) “ 4— 5p2-f- p"* 

This leads to a quadratic equation, where 

4P— 5Pp2-i-Pp4— 121— 22p2— p4 =0 

p«(P— 1)— p2(5P-f22)-l-(4P— 121) =: 0 
. 2 - (5P-I-22)— 3 s/'P 2+soP 
" ' 2(P— 1) 

111 the same way -we can work out the formulae for all other constants expressed 
in terms of the classes a, b, c and d as given in the previous pages or even for a new 
one. The value of the classes a, b, c and d will, of course, be var3ring with the 
nature of the factors (he., complementary or duplicate, etc.) involved, but the con- 
stants will remain the same. The value of these classes, in most cases, will be 
found from Tables VII to IX, but occasionally some workers may have to deal with 
quite different ratios and in that case they must express these values vdth the help 
of the general method given on pages 48 to 51. After representing these classes 
in terms of p^, it will be a simple process to evaluate ‘ ’ from the observed data 

with the help of any one method, all of which consist in equating the theoretical 
value of a certain constant to its observed value. The Product Ratio method, 
however, gives the best estimate and hence is recommended for general use. 

A number of useful formulae have already been given in Table V and others 
can easily be derived, if required, on the lines suggested in this paper. 


VII. Summary and conclusion. 

A number of methods for calculating linkage- values from an Fg population have 
been compared and their merits and demerits considered. The comparison of the 
various methods is based on tables similar to those suggested by Collinp., Several 
examples from certain well-known data of linkage relationships have also been 
taken and the linkage intensities calculated by all the typical methods. The 
solutions obtained have been tested by the measure of discrepancy 
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Tliese comparisons have established the superiority oi' th<; iVodiirt Rat.io uiethtHl 
over all others. This method was origimillj suggested by T)r. hisin-r .and is r(\gard- 
ed as .statistically efficient. Dr. Fisher, liowe.ver, has pr('.s('iite(i it in a form that 
necessitates reference to a table of calculated values for Coiipliiig .-uid Mepiilsion. 
Such a table, which is applicable only to sim])hi dihybrid radios, has bemi giw.m 
by him. 

In order to make it generally applicable, tbe prissent writ^'r has suggi'si.ed s^^ nr.il 
simple formula) for calculating linkage-values dirootiy from tliis iheHiueh itaiio. 
These formulae may be readily applied to even complex j\reiidelia,u jcladonsliips. 
Hence this method and the formal® arc recommended for general use. 

When one of the zygotic chisses has not been recovered, all tiie methods fail 
to express ai correct cross-over value; this is evident from 1'ables I to I if. In 
such cases, however, the usual formulie can f)e suppkmienti'd by a. inodiiit'idion 
of the same as already ghnm on })ages 7 and lb. Thus a modilication of the Pro- 
duct Katio can he used with advantage evtui uu(l<*r ilu'sc' eondiiioiis. 

The coefficient of cor.r<lation ‘ r ’ should he iis(‘d (uily when the* jjheuotyjue ratios 
arc very complicated and when there is no evide.nee of any diil’ertudial viability ttf 
the zygotic classes. 

The examples considered in this paper are, specially interesting in s('rving us 
practical illustrations of the efficiency of the various methods. The iueilicieiit 
methods give satisfactory results only under spt'cial e.onditions, while tlie efliehuit 
methods give accurate results under all conclitions. 

A few graphs have been given to illustrate the relationship of the cross-over 
percentage with the zygotic classes and also with the constants V ’’ and ** k 
These graphs show why in close Eepiilsion, it is difficult to arrive at an. accurate 
recombination value. 

A general method by which the value of ‘ p**^ ’ can be found out from any constant 
expressed in terms of the zygotic classes a, b, c and d and for any zygotic distril)t:i- 
tion has been suggested at the end of the paper. It is expected that w'jth the iielp 
of this, future workers can easily arrive at new formul® applicable t<» their own 
special cases. 


Memoirs, Botanical Series, Vol. XVI, No. 4, entitled “Further 
Studies of Indian Grasses and Grasslands”. 

Meaning ol abbreviations in Plate IV, facing page 112, 


A. c. 

• ^ndmpogon contortiiSu 

A. 111. 

• . Andropogon monticola. 

A. f. 

Atuhopogonfoveolatus, 

I. p. . 

• Ischcmwam 'pUosum. 

I. i. 

• IscJiwm um laximi. 

Is. an. 

Iseilema antdiophor aides. 

Ar. r. 

• • • • . Aristula redacta. 

Ar. f. . 

• • • • . AfisUda funimlata. 

Ac.C.t. . 

. Acacia Catechu. 

Bs. It. . 

. Bassia latifoUa. 

Bs. sr. 

• ■% . . , BosweMia sermfa. 

T. Ar. . 

• • * - « Tenninalia Arjuna, 


3 ? 




f.:. 0 ()T f)IWEL()PM;KiSrT IN RIOE UNDER DIFFERENT 
OONDITIONS OF. GROWTIR 

BY . 

R. L. SETHI, M.So., (PuNJ.), B.So. (Agbi. Edin.), M.R.A.S. (Lond.) 

Economdo B()tmiid to Government, Umted Provitices, Cawnpore. 

(lieceivecl I'or piiblicatioa oa. 19th April, 1929.) 

Intiioduction. 

In tile course of luy iavestigatioiis into the different aspects of the growth of 
paddy in the United Provinces, it was found that most of the varieties could grow 
best only in their indigenous localiti< i ; and attempts to grow them in places away 
from their homes often residted in failure. A change of locality liroiight about 
a change, in the hab'ts of growth and in the time of the rijiening of the plant. To 
discover the factors which bring about these changes, the physiology of the rice 
plant had to be studied. Uiis involved the study of the root and the relation of 
the root system to the soil-type. For a scientilie miderstanding of crop-produc- 
tion, an exact knowledge of the facts relating to the development of the root system 
also appeared necessary . Siioli knowledge, is essential before the manner in which 
the soil and the crop are connected can be appreciated. This study of rice-roots 
is important to scientilie agriculture, specially as no work has yet been done in this 
direotion. An attempt is made in this paper to deal with this subject : — ^the broad 
facts of root-distribution and the root-relation of the rice plant to important soil- 
■oypes and manures ; and the effect on root development of impoitant factors like 
soil-texture, soii-niokture, soil-aeration and soil-temperature. 

Review of liteeatube of eaelieb w^obkbes. 

The above ground portions of plants generally have received considerable atten- 
tion, but a study of the underground root system has not been attempted to the 
same extent. A begimiing was, however, made towards the end of the nineteenth 
century in the United States of America, when the root systems of species of different 
plant coiiuniinities, widely separated geographically and growing under distinctly 
different cMmatic condition.^, were studied, results of these exhaustive studies 
have been published by Prof. John E. Weaver.^ ^fhe names of King (1892), Headen 


^Weaver, .7. E. PublicafcioHs of tbe Carnegie Inatitution of Washington, United States of 
America, Nos. 2S0, 292 and 310 for 1919, 1920 and 1902, respectively. 

( S7 ) 
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(1895), doff (1897), TonEyack (1899, 1900, 1904) and SlK'.pItcDi (1905) u,t Wiscomiiti, 
OoloDido, Iviinsas and North, Dakota Agricultural Ex|)oriii)c,nt rrspt'ctivciy, 

may ho montionod sis a few of the earlier important workers o.ii tiii.s line. In 1910 
Mille.r ^ .studied the root system of corn and the softjhinta at the K:ui,sas Agi'ieuHan'u! 
Experiment Station, United States of America. In 1917 the ,llo\v;m!.s “ iil, rusn eon- 
duct.-id a series of investigations on the root developnwuit of di Itenmt crop.s. I ii 1 9;i i , 
Brenchley and Violet G. Jackson ® carried on investiga/tion.s of tln^ root develofuuiuit 
of wheat and barley at Kothamsted. In 1922, Venkutranian and Tiunuas carried 
on some extensive work on the study of root development of sugarenne at Goim- 
batorc. But no attempt has so far been made to study the (h^velopniont of the 
root system of the rice plant. 


if Peactical methods of study. 

,| (a) l<hhplay(d by (dkes workers. IJic wockera in the Urut<*<l Stat<-,s <4 Aiuerica dug 

< ' trenches, two to three f<x>t wide and six to ten feet long, to a depth of al)out six .feet 

I by the sides of the plants to be examined. The tronche.s wen* (hs^ptux'd as tiie- work 

I progros.se<l and the root system was excavated almost in its miliiety. The opera* 

; tions somethiKis extended over a field several scjuan; miles in extent. Work on 

I . such an ehibo,rate scale cannot possibly be attempted by men w ith limitial resources. 

; Miller’.s method consisted of the isolation of a prism of sctil containing tlu‘. ])Iant 

I whoso root system was desired and then placing over this block of a. ^vire <ai.go 

_! of such a shape and size as to fit closely to the vertical sid(‘s of tlK', blocJc. Numerous 

small wires were then run through the prism of e;t.ilJi and fastened to ea^Ji 
side of the cage. When the earth was washed away by moans of a. stream of wate.r, 
the main roots remained suspended on the cross wires in, the sanu' p(»sitio]i iJiat tll^^y 
occupied in the soil. AiK^ording to the author himself, this inethod was ojjcjj. to 
: ; critieivsm, firstly because the main roots of the plant may Jiot 1h* in ihe prism f>f tiie 

soil whicli was isolated, and, secondly, it wa.s impossible to retain all tiie finer roots 
in their normal position, although the primary roots <d' the. plant remaiueil on wires • 

in the same position that they occupied in the soil. * « 

Brenchley and Jackson tried trenching in the field in barh^y, buf. on. account of 
I theharclsoil, it was difficult to wash out the roots with out breaking them. To ob- 

! viate this difficulty, a cube of soil was dug out with .selected plants in tlui middle ,, 

! , of it and this solid block was transferred to a box which just li,eld it. 'thf^ box was 

i . brought down to the laboratory and the roots were washed with a .strea ru of water. 

1 Millttr, E. C. CVmiparativo study of tho root sy.steiUH anil IwU' ai'oiu; 111' ('(lilt :iU'l ihi- tiofnhmM. 

Jowr. fj/^liyri. V5d. VI, 1, 11)16, p, 311. 

•Howard, A. and U. L. C. The Economic signifioamio of root, dovolooiiH'iil nl' Ani croii.v. A'lri. 

Jour, of India, Vol XU, 1917. ‘ 

•Brenchley, W. E., and .lackson, Violet <1. Boot fjoveloi>mont of wimat and ha lioy under 
different conditions of growth. Jwwai/A’ o/ J?oA, %A)1. XXXV, 1921, p. 633. 

* Vonkatrainan, T, S., and Thomas, It. Sugarcane root sysl,om j studies in devdopment aad. 
pmtomy. J ffri, Jour, of India,. Vol XVIJ, Part IV, July 1922, 



The metKod employed by Venlcatraman and. Thomas consisted in excavating 
trenches beforehand in places where it was intended to grow the plant whoso root 
system, was to be studied. The chief defect about this cheap and simple method is 
that it is applicable only to plants specially grown for the purpose. 

(b) Employed by the author, (i) hi the field. A rice field about the size of half 
an acre with one of its margins elevated above the adjacent fields was selected for 
experimental purpose. The field was divided into eight eq^ual blocks and in each 
bloclr a trench, six feet long, six feet wide and six feet deep, was dug at the end close 
to tire elevated margin. These excavations were then refilled with the soil taken 
out, taking care to replace the layers in the same x^osition in which they were removed. 
At the time of filling these trenches horizontal layers of six inch wire netting, cut 
to the required size, were placed at three levels for catching the growing root strands. 
The blocks, including the trenched pieces, were prepared and puddled in an ordi- 
nary way and different manures were added to each block at the rate shown in 
Table VII. Thus, the trenched pieces were also x^irepared along with the rest of the 
field, the only difference being that their soils were loosened beforehand and wire 
netting was spread underneath. Plants that were selected for the study of the 
root developm.ent under different treatments were those th.at were growing on 
these trenched, areas. At the time of washing these plants, a deep pit was dug 
round the other three sides of the trenched x^lot and a block of earth was thus separat- 
ed from the rest of the field. This could be easily washed from the open face side 
of the elevated margin. The washing was done with the help of a patent “ Four 
Oaks Knapsack Sprayer.” Skilled labourers were, however, using hand j:)icks for 
loosening the earth cliiring the washing process. Thus the whole root system, 
when excavated, was held in situ by the wire netting. After jotting down notes, 
the roots were extricated from the wire netting and photographed (Plate III). Out 
of about half a dozen plants that were growing on the trenched area, only two that 
approximated the average plants of the whole block were selected for recording 
observation. Although the trenched piece of land is disturbed by excavation 
and is not left in so natural condition as the rest of the field, yet great care was 
taken to treat the plot in the same way as the remaining field. The condition 
therefore approximated to the natural conditions. It would be still better, how- 
ever, if a better method could be devised for studying the details of the roots under 
ordinary puddled conditions of a rice field. This is an interesting point and 
deserves further attention, 

{ii) In the pots. The washing here was easy in the beginning with the smaller 
vessels. These were broken, the substance held in hand, and washed carefully 
under a jet of water from a slow running tap. The blocks of earth were small in 
size and could be easily haudled. The clay blocks were, however, put in water 
for a few hours, before washing, for softening the earth. The plants were extricated 
without damaging the roots. A wire net was also held underneath the pots 
for catching bits of roots that might be broken during washing. This was necessary 
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to got o,t tko actual dry weight of the roots. I^ator on ^ 
smd with wooden boxes, it was found iiupractuaiblc! t(> cinp.y u h oou. . i . 
damaging tlie delicate roots, ami tlu^ imt.liod employed was ddU;iN'..u.t ’;y , 

were placed in a, horizontal i)osition on a si;a,:nd of e.onv<aucnt he.igh,, ibe uwo pa a • 
sides of the box wore removed a,ud the soil was wa,sln‘d out i.y nunuts of, a sioail, f t 
fairly strong, jet of water. The machine wlneli was used ui the tj<d<i ua^ .us > 
ployed here. ’ In pots where it was intended to study the natural spread ol ibe 
root system, horizontal layers of wire netting of ha, if an i,ue.h mesli, cut aj the sm. 
of the pot or the box, were inserted at different levels a,t the time ol idlmg 
with earth. The roots were held by the wire md.tmg, ami tne uole s^^stem p, e.> 
graphed (Fla,te II). 

ExP]' 3RTMEN',!’AL M.K/rilO!.)S. 

Before describing the, outline of the wmlv, it is desuidile t,o gi\e the. 
data of the place where, the study was mmh*. Ihliie ! shows a, portiuii o • o‘ 
summary of air temperatures (B°) for the growing season oi 

1’able i. 

Ai/r iempemtMfe {in dade) at the Hotanu-al Fare,, idmqme. 


Month 

J una . 

.July 

AugUBt 

Soplcinbcir 

Oetoher . 

NoTOiulior 

Pecemtar 


Table .11 gives the numlier 
compared wdth the normal. 


iVifati ii.vt-ra!-',<’ 


inches of rainfall during X926.’^ 'Idm hgttfes are 


Tablio IL 


■FROM Al'RIIi IST TO AllanST 1 
83KT 1 

FiMiM SErTEMBBE 1ST TO 
OCTOBEU 31S’i' 

li'uoni Novi’.stimu li’T to 

RfAdOK J'.lST 

'I'OTAI, 

Kornuil 1026 

Wo. of ' 
rainy 
days 

Normal 

M26 

No. of 
rainy 
days 

Norma! 


No. of 
r.iiii.v 
d.-ti ; 

.Normal 

e.tijd 

N(J. of 
rainy 
days 

23-09 26-07 

26 

6*48 

8-89 

11 

1-74 1 

I 1 

1 1 

n 


2»>9« 

4(1 

.1111 iMmx ^ , p. 

-r. . .•! ,11 ^ i 1 i in. >4* I.*'-- 


and Crop Rcjiiu't of Ihuted I’rovuine-s, rro.,:!, Ali iIi.iIm.!. mee, e'.. 


lable HI shows the mechanical and chemical analysis of the farm soil, and Table 

, experiments. The field-soil was a 

feypical Gangetic alliivimn, allowing little subsoil drainage. 

Table HI. 

Soil amhjsis of the paddy fields of the Botmiiml Farm, Gawnpore. 


(«) Mccharfiiml analysis. 


I'toarse .sand. 

.Pine sand 

Sift 

Plae ailt 

Clay 

Mofttui's 

loss on 
ignition 

CaCo, 

0-70 

48-7.J. 

27-W 

21*40 

1 8*79 

3*00 

iit'SO 

o-.8y 


(6) Ghemical analysis. 


Soluble 

and 

iasoliiblo 

.silica 

Moisiui'ft 

Organic 
mat, ter 

.N 

Kjb 

.Fa^O 

Cab 

Fo»0, 

& 


MgO 

CaOOj 

% 

Sfi» 

7y*4S 

3*(H) ■ j 

3*8« 

0-05 

1-7S 

0*67 

1*20 

.n*27 

0*45 

0*18 

0*89 

0*03 


Table IV. 

Chmniml analysis of sm'ls used in pots. 

% /{.IbOfi % C!aO 

^■**‘^3’’ 0'02S ® 0-:54 

'i‘»'a.vei ........ ,).20 

Sand .... . . . . . ,).2g 

General outline of work. 

The experimonts wei-e conducted during the summer of 1926 at the .Botanical 
Baroi, Cawnpore. The plants were grown in cylindrical earthen vessels and , in 
field. These furiuBlied the material for a study of the relative d.ry weights of the 
roots and the aerial portions of the plants. Smaller vessels of nine inch height and 
eight and a half inch diameter, holding about thirteen and a half lb. of soil, were 


0-32 

O'.IS 

0-20 
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employed for earlier ol)sorva,i-,ions. Bigger pots ami wooden, bo-i.es U mm-K large.!- 
capacity w(‘.re, ]iowev<*r, ('m])loyed for later observations. DilTerent soils weni 
employed in the. vessels and ilidereiit mamiros were a,dded, ddie vai-ied riatuiv oi 
tre.atme.nt is shown in Tables V and V.L 

The, seeds of the following four pure varieties were nseii in the experiments - 

Earhj types {early ripening, generally sown broa.d(n,stO. 

(i) Coarse oval-shaped spikeleta— colour at ripening did! iuown with 

mottlings of deep brown. 

(ii) A little late in ripening as coinpan'd to (i). B]>ilvelets medium shap(‘d 

(Ellipsoid), neither coarse nor fine. Colour at ri]tening orange red. 
Late types (late ripening, generally ti’ansi>lante<l). 

(iii) iSpike.lets of fine long sha,pe- colour at ripening ordinary yellow. 

(iv) A little late in ripening as comp:i.re{l to (iii). Coa.rse oval-shiijMMl sjiike- 

lets. Colour at ripening (hiej) lirown. 

Each variety was sown nndenr ten diflerent eondiiions. The. exaniination of 
roots was nnule six times on the dates showii in Th.bles V a,nd Vi. i^’orty planis, 
i.e., four lands iiiider ten dilferent treatuieuts, w(‘re (ixaiuineil I'aeh time. The oh- 
were mad <5 once fortnightly in tJui b<‘ginning and a.t longer int<*rvsdH 
Seeds were sown in th(‘. pots on the evisning of the laghth of August. One 
bS allowed to grow in each jiot. blea,r iJu^ ripening stage, ther!! wiwe chances 
loss due. to the basal dried leaves idowing oil by wind or to the fa-lling 
deciduous spikelets. Tliis avus avoid<‘d liy coviU'ing tlie heads altogether 
of a thin muslin ha,g a.hov(‘ and loosely tying a t.hread around, the stem of 
plant below. Tin' roots after washing were put in a, big glass ;ja,r, fidl <,>:f water, ami 
were taken of the (iondition of I'oot develojiment. AfttTwards, the w.hole 
plant was dried first in the sun, later in a sb'am oven, and the dry weigld-s of shoots 
were obtained separately. The last observations of both cjarly and late 
were made on ripe plants, after a total period of three montlis and nineteen 
sowing in the former and four months and thirtiMui days in the latter. 


I. Observations ON rot cultures. 
root system. After aliout a fortniglit’s grow1;li , the root system of 
two distinct types : — 

(i) Long, thin, flaccid, light brown and much branchcMl roots, 

(ii) Bold, white, comparatively short, almost unbranched roots of waxen 

appearance, 

development, however, of both types of roots varied according to soil used 
d treatment and the varieties sown as follows : — 

I and II). During the first fortnight of gi‘owth, tlui roots in clay 
and unbranched. In were thick wliitti roots in the 
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upper clay lialf and tliia branched in the lower sand half. It was tlie other way 
with the reversed strata in The white bold roots showed their maximum 

development in clay. Roots in loam were poorer allroiiiid than in clay and were 
]<sss spi'f;ri(lij'Ly. in gra,vcl and sand they were finer in nature than in other soilvS and 
slowed j'onr braruhing. Afterwards when the plants were examined half way 
throu,!/'- 'rowtli, the* root system was found better developed. There was a greater 
d v'clcpio Tit o slm^ thin lateral branches in the entire root system. Clay laid de- 
vedoped line lateral branches, although the vrLlte bold roots still existed in large 
nmn'oers. The change of the t}^e of root system with the change of strata in 
and hud ])ccoiTie less pronounced by the development of lateral brandies in 
bold white roots of tlie clay beds. Roots in loam were better than before, ! nt 
were still poorer in growth as compared to clay. Roots in gravel were slightly 
bolder than those in sand. One distinction between these two was, however, 
markedly noticeable. Roots in sand were straight, while those in gravel were 
wavy. This phenomenon was visible throughout. The effect of different soil- 
textures, ill the al)sence of any manure, is thus quite apparent. Sand or gravel 
on OIK' ('ud of the scab', and clay on tlie other, with loam in the intermediate ])osition, 
show<'d a. characterislie effect of their own on the developniont t,)l‘ I'oots. They 
were line, silky and sparsely branched in sand ; thick, white, tough and w<'-ll-(!(‘veloped 
in clay and pos.sess('d an intermediate character in loam (Plate I). 

Manure. The development in size and length of the roots was directly pro- 
portional to the amount of nitrogenous food a vailable and the presence of moisture 
in the soil. The roots wore showing their maxiinimi growth in ammonium sulphate 
and farmyard manure, where, many secondary branches with fine lateral develop- 
ment formed a profusely bra,uched. thick mat. Ammonium sulphate roots were of 
a more spreading nature than that of the farmyard manure. The growth of the 
root system in tlie latter series was weak in the beginning, but nearly approached 
the former towards the end. Roots in siiperpliosphate and muriate of potash 
were poorer as compared to nitrogenous manures. In the former they were of a 
more spreading nature than in the latter, where they remained lanky. 

About the white roots in general — ^these were longer and thinner in nature in 
the nitrogenous manures than in pure clay, although their total number was greater 
in the former than in tlie latter. These white roots did not retain their iinbranched 
character throughout the life of the plant, but, about a month and a half after sowing, 
they put out laterals, and ultimately approximated to the general root system. 
At the time of the appearance of flowers, a marked change was noticed in the entire 
root system. The thick white bold roots 'were no longer present and the Avhole 
root system now became weak and flaccid. This phenomenon occurred sooner 
in the unmanured series than in the manured ones. The behaviour of clay in this 
respect was like tliat of a nitrogenous manure. In certain plants it occurred even 
when the flowers were within their leaf sheaths. In many cases, such as in farm- 
yard manure, ammonium sulphate and clay, even after the appearance of this 







on roots in. farmyard manure, in gravel and in sand. Boots of the farmyard 
mauiiro series were, however, of a dull white colour, while those of the other two 
vv«;iN^ of shiniug bright* appearance. A transverse section showed that the colour 
was <b“po, sited in a Inyer just below the epidermis. That this colour was probably 
due to riKjre clay jnid moisture in the soil was corroborated from observations made 
on soils with difloront constituents. A sample of soil from TuLsipur with 21'S0 
per cent, (sf clay mide.r constant irrigation developed deep red. brown colour on the 
roote of tlie plants grown in it, while another from Doiwala with 12*10 per cent, 
of cla,}* a,nd under comparatively less irrigation did not show any colour on the roots. 
The colour thus apptiared to be an indirect indication of the presence of more (day 
and moisture in the soil. 

Fenetmtioii, The length of the roots was also measured at different stages of 
their growth to fmd out the difference in penetration under various treatments. 
Tn |)ots the avtirage range of penetration, without manure, lay between two and thret,^ 
ftiot. It was ten to eighteen inches in the beginning and reached its maximum of 
thirty to forty inches after flowering. The majority of the roots was found mthin 
the first one or two feet, and only a few'- ran to the length of three or occasionally 
four feet. Mrich depended on the food and other environmental factors. The 
easiest penetration was found in gravel and sand, w^here even within a fortnight’s 
growth, the roots had grown long and thin, and were seen (foiling round the bottom 
of the pots. This is in ac(?ordance with the view^s of Benecks,^ who states that 
scarcity of nutrients has a tendency to increase the root length. Iflie penetration 
was foimd the least in clay in the begimiing, but it was the greatest in the end. It 
was quicker in the beginning in early kinds than in late kinds, while near the harvest 
the roots of late kinds were comparatively longer than the early kinds. In farm- 
yard manure and ammonium sidphate, due to the greater development of lateral 
branching and the consequent diversion of energy of the plant in that direction, the 
penetration was not found exceeding three feet. 

The penetration in the field, on the other hand, was not so great in a vertical 
direction as those of the pot p)iants. The roots tended to go off at a,n angle, running 
more or less horizontaliy, with a downward inclination, taking advantage of an 
easier passage wherever available. Also the root development w^as, on the whole, 
comparatively less in the field ; the manured and umnaniired series behaved alike 
in tliis respect. 

Relative groivih of shoot and mot. (Tables V and VI and Figs. 1 and 2.) 
The relative weights of shoot and root of individual rice plants, at different 
periods of growth, were obtained from the amount of the dry matter produced. 
In the begimiing for about a month after sowing, the growth w'as slow both in early 
and late kinds, and there was not much difference in the dry weights, either between 
shoots and roots, or under different treatments. Later, however, their growth 
proceeded rapidly and the effect of different manures (wMch reached its maximum, 

® Beue(.!k.s. Carnegie InBfci. Publieation by Prof. J. E. WeaTer, No. 292, 1920, p. 97. 
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Dry weights ofindmUual rim plants {late varieties sown in emthen pots on 8th August 1926 (weights witlmu 
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in tliti majority of cases, about two and a half months itfb'r vsowinji iu early., and tli!e<^ 
months in. late, kinds) was distinctly noticeable- Tlse. !a,ck of projiurtion helAVi't'u. 
tli,e. jfrowth of shoot and root was nnm'. nmiked, in ('lay, and iu iiiti-o;n‘iious jna.nurc.H 
tha.u (ij.si'\v.in;re. The growth of shoot was at its uia.:<inuii!i a little ali.cr llowerijig 
in hath tlhi varieties, in almost all. the. ,s(‘rie.s, hut then* was a ililTerencf' of grout!) 
in tlie two kinds near tin* harvest time. In t!u^ t*a.rly kind.'a tlie?v was maxiimnu 
growth t)f slioot after two and a half muntlis" time afiei* sowing. With the a.j»})eaj'- 
ance of flowers (sixty-four days after sowing) tin'.re. wa.s a. fidl in tin* wc'ighls of slusots 
as Slum after tliree months and seven days. After tlie llowt'rs wi.'i’e set. an i.ucrease 
agaijL was seen nea.r tJie .luirvest time, as shown after tliree months and Jiiiu'teen da.ys. 
It is ol)vious, the7'oforo, that the iutervi.'uiiig set-back in llie sboot-growth was diui 
to imicli. of the material being tT‘a.nslo<*.a.ted towanls tlie (lowering region during 
that period. .Alter the llowcrs were set (the ma,terial being jigniii diveried Inwards 
tlie vegetative region), an increa.s»* in the dry weight of tiie shoots, ah hough iiol: 
to t..iie same, extent c-s hi.'.fore .(lowering, became, eviiieiit.. This agiu'es wiifi Sen's ' 
observid-ion that during tlie lloweriug stag<g when the milk " is forming iu the 
gra,iu. thfU’e occurs a tnuislociition of tin* <iry matter from t he stem am! leaves to the 
How (VS. 

In late kinds, on the othe.r hand, once the maximum d(‘velo[:<nieiit was rea.ehed, 
the, energy of the plant was probably so much exluuisted a.t the flowering stage 
(liowerei,! eigiity-si.x days afti'i* sowing) tha.t not much, malKvrial wais left for transloe.a- 
tion to tite. aerial regions, and to iiu“rcase. t,he. weight of t he, shoots again uea.r the. 
harvest pe.riod. Most likely, t.his was inlluemuul by the tem^iendure of the atmos- 
phere, which might ha,ve checked furthiM* growth. Tliat, temperature has a. marketi 
iullue.iic.e in checking blither growth wa,s eouliruu'd i»y idiservalious niadt* in the 
flelil. ''.I'he jiliUikS did not show any I'e.ducthm in t.iieir uu'ighi.s. i’ifher in j'ofs or 
in field, till latiwin November iu the ea,r!y, a.nd aJiout a month afterin the lal.r, kinds ; 
iu other words, wh.cn I.Ik* season had become cold. 

ThUvS iu the early kinds tin* s]ioot-weight.s continued tn iuerease. after a fall, 
but in the .late. !d,ti.ds, on t'he other hand, the weight-s having oiiee fadlen. did not. 
show' aiiy farther increase n(*a.r tin* iiarvi'st. lint- the early \arie1ies .arown in 
ammonium sulphate bcliaved diih'i'eutly. Their bcha.viour resembled h.ie varie- 
ties in sbown'ug a steady' decrease of shoot- weights towards tiic haiwesl. period. -Vn 
ex pla nation of this imiy' be found iu tfm fact tiia,t ammonium sulphate tended to 
])rolong the growth of tiiu early'' croji, and t.hereby nuufe. an e.jirly' variety behave 
like, a late, va.ricty^ 

Tim development of roots was in almost idl easiv. found to !te directly projWMr.. 
tional to the develoj)meut of shoots. I/ikc t he slioot de.vi'lojunent, it. was bet l er in 
jfite kinds, in cla.y'- soils and in nitrogeuoiis mamires. In grewel f.jie d;)t.a, during 
curlier observations an.) left blank, as many plants were found deail, a,ud a, h‘w li\ iug 

.t.N, A stiKly in rlie fissimilatien of jHitrk'iitH fiy llie riei; nliinl. ya,;. 
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ones were left for recording observations near the end. In sand the plants could 
not survive- np to the, last date of observation. They died sooner than in other 
conditions- thiiioraliy speaking, the roots were bright and strong up to the time 
when the licnvers Avero forming within the leaf-sheath. They became flaccid after- 
wards. This liuc-cidity, however, did not stop their further growth, which proceeded 
though slowly utter floAvering. A decrease from their maximum in the weights 
of roots was noticed in all the series near the harvest. 

II. ObsbbvatIons on field trials (Tables VII and VIII). 

A few experiments wem also conducted in the field to find out, in general, the 
difference in growth in the pot and in the field condition, as well as to corroborate 
the results achieved in the pots. Two sets of experiments were arranged : — (i) 
under different manurial treatments, (ii) under different conditions of cultivation. 
In order to spread the work over a fairly long period, plants were examined from 
each of these sets on different dates. Seeds were sown, as iu the pots, in the first, 
while the seedlings Avere transplanted in the second set. The weights of plants of 
these sets, therefore, do not show equal growth on the same dates. They, however, 
afiord data to shoAV the comparative growth of plants under different coxiditions 
presented by a particular set. Two average plants representative of a particular 
experiment were, however, selected for recording observations. In set No. 1 plants 
were grown under different manurial treatments (Table VII and Hate HI). In 
addition to the manures which were employed in the earthen pots, plants were also 
treated with organic manures like castor (lUcinus communis L.) and neem cake 
{Azadirachta indica Juss.) and Avere green manured with sannhemp {Crotailaria 
juncea L.). The method of excavating roots has already been described. Green 
manuring showed the best result, closely followed by the oil-cakes. The effect of 
other manures on the development of white bold and flaccid roots, laterals and 
colours was similar to that seen in the pot cultures. Under similar treatments, the 
growth in the field, in general, was poorer than that in the pots. The development 
of fine above ground ramifications of the roots running parallel to the surface was 
greater in the field than in the pots, probably because of the more free play of water 
and the presence of more algae. It appeared more pronounced in the oil-cakes and 
ammonium sulphate beds than in farmyard manure and unmaniired series. Also 
the root system in the beds under these nitrogenous manures developed nearer the 
surface level than in the uimianured bed, where the roots developed at a depth 
of about two to six inches below the surface level. This concentration of the root 
system near the surface level in the manured beds may be due to the presence of 
a greater quantity of oxygen, in a dissolved condition in the surface film of algiie. 
This film of algae according to Harrison and Subramania Aiyar ^ is the chief agent 


^ Harrison, W, 11., and S. Aiyar. Gases of swamp Rico soils, Mem, Dept. Agri. hulia, Ohem, 
, Vol. Ill, 1913, part II. 
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ia oausing tlie aeration of the roots of the rice crop. The location of the actual, 
seat of absorption, whether by means of root hairs or other parts of roots, is a 
matter of importance and is under further investigation. 

TABLE VII. 


Dry weights of average iniwiiual rice fh/nts under different manurial treatmienls in 
the field {early variety sown hroadeast on 8th August 1926 — weights without cxirs) . 


'iVoatmont 

20xh October 

Shoot 

grin. 

Eooii 

grm. 

Total 

grm. 

1 

L 

Sanai {Orulrdafia jnncea) 

41.S20 

4-021 

46-241 

(Seed sown at tlK> rate of CO lb. i)er aero). 

44-040 

ti-400 

50-580 

Castor cakt) 

:i«*012 

.*5-822 

40-784 

(1C inatmds per acre). 

41-518 

O-SSS 

4.S-856 

Neem cake 

{13-710 

4-111 

87-880 

(15 luarinds |)er acre). 

40-121 

C-SSO 

46-510 

4v 




Ammonium Hulphate 

a2-8:i.*i 

2-921 

85-754 

(1(50 lb, per acre). 

36*877 

4-760 

40-646 
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TABLE YU—cmtd. 


Dry weights of average individml rice plants binder different manurial treatments in the 
field {early variety soim broadcast on SthAngust 1926— weights without cars) — contd. 


Treatment 

20th October 

Shoot 

grm. 

Root 

grm. 

Total 

grm. 

5. 




I^armyard manure 

18-718 

2-170 

20-888 

(100 maunds per acre). 

2.5-082 

3-450 

28-532 

0. 

Superphosphate 

6-982 

1-310 

8-292 

(120 11', per aero). 

7-348 

1-970 

9-318 

1. 




Muriate of potash 

4-722 

1-lOS 

5-830 

(100 lb. per acre). 

7-038 

1-130 

8-168 

8. 




IJnmanured. 

3-438 

-412 

3-850 


3-105 

-517 

3-622 


1 maiind=82 ib. 


In the second set of experiments (Table VIII), cubes of soil were dug out from 
the rice field to get the root system. These cubes were fairly big and of uniform 
size, but did not accommodate all the roots running obliquely. Thus while the dry 
weights of these roots do not show their total weights, they give a fair idea of the com- 
parative development of the root system under different conditions of cultivation. 
In the United Provinces rice is generally sown in the nursery in early June, and 
transplanted in early July with the break of the monsoon. After the harvest >f 
the rabi (spring crop), some lands are left untouched, while others are constantly 
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stirred by pioiigli during tbe hot weather. Plants were sown in boUi kinds of 
land. On comparison, it was found that the ploughed piece of land prodtUH'd itivl/ier 
plant and root system than the one which was left miciili-ivai.ial. in tfi(‘, {»lotigh(‘.d 
plots the roots were running more or less parallel to the surlfuai Itwei, ami allowed 
a wider spread than in the unploughed plot, where the roots were running mure 
vertically downwards. 

Table Vm. 


Dry weights of individual rice plants under different conditions of cultivation. {Late 
variety soivn on 5th June 1026, transplanted on 25th July 1926.) 



gation, the former condition corresponding to the system of alternate ilryijig and 


irrigatioii. Tiie water in tlie bed under constant irrigation was kept more or less 
in a standing condition and was sparingly changed. While the de¥eIopmeiit of 
shoots and roots under constant irrigation was better, the yield was lower, the 
ripening was far from uniform and many ears were found empty. Constant 
irrigation appeared to produce the same effects as excessive nitrogenous manuring, 
namely of prolonging vegetative growth and inducing irregular ripening. This is 
in accordance with the views of Hall, ^ who says that there is an association of high 
nitrogenous manuring with susceptibility to disease and irregular ripening. The 
roots under constant irrigation developed more of the white thick bold types in early 
life and more of the red brown colour in old flaccid condition than those of the 
other bed. 

Geneeal discussion oe the eesults. 

The study of the root system affords us a knowledge of the environmental condi» 
tions most sidted for rice cultivation. These are discussed as under : — 

Soil texture. Plates I and II demonstrate in a strildng manner the effect of soil 
texture on the growth of a rice plant. Also we have seen that under similar condi- 
tions roots showed better development in the pots than in the held. The reason 
for this may bo partly due to the better texture of soil in the former case. In 
pots the soil was carefully sifted and shaken into position. It was friable, well 
aerated and moist, and as the watering was done regularly, the plants did not suffer 
either from drought or excess of moisture. In the field, on the other hand, the 
texture was not good, as the soil below six to eight inches from the surface was more 
consolidated than the upper layers. Warth ^ also states that soil texture exerts 
a more marked effect upon the yield of paddy than the soil reaction, or the presence 
of large or small amounts of food. 

Soil temperature. Cannon ® states that, dming the warmer days of winter and 
early spring, the superficial soil attains a relatively high temperature, while the 
deeper soil is yet cold. The conditions for most favourable water absorption 
were, therefore, not present in winter, and the effect was a limitation of the develop- 
ment of both roots and shoots. Eeversed conditions were to be found in summer, 
when the lower soil layers at the time of rains were warmer than the. upper soil 
layers. The conditions of growth of both shoots and roots in the summer were, 
therefore, most favourable. This is fully borne out by the results of these experi- 
ments. The retarding effect of cold has already been discussed. The comparative 
better development in pots may also be due to the more favourable conditions of 
temperature there than in the field. The pots being relatively small and exposed 
on all sides to air, it could safely be assumed that the temperature of the soil at 

^ Hiill, Sir A. X). Fertilizers and manures, page 136. 

“ Warth, P. J. Notes on the soil of the Expt. Farms. DefL of Arjri. Burma Bull. 13, 1916, p. 5. 

Cannon, W. A. The root habit of desert plants. Oamegie Inst, of Washington, 1911, No. 131, 
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bottom o,nd at tlie top in the pot approximated more closely tlifin tlio tempera- 
tare. at tlu'i bottom and at the vSiirtace of the soil ia the held. 

^oll muistm'e. This is h.1so aa important factor in influencing tho growth 
ol: the .ric('. mots. Cannon '• states that the depth to wliich. the roots (tl; the, 
atmiiaJs penetra/ti the ground is clirectly controlled by the d,c[)f;h of penel;.ratio.n 
of the rains ol! the season and the persistence of the annuals ivS mainly a.nd 
<Uroctly tlcpendeut on the length of time the wmter remains in tlic soil wlierii they 
are growing. According to Miller ® the soil moisture content a,nd the anmunt 
of available plant nutrients are important factors in deter milling the ratio of 
the weights of the top of plants to their root weights. Kiesselback ® found the 
ratio of the weight of top to that of root to be 8*5 for corn plants growm 
in soil, with a water content of 98 per cent., and 6'2 for plants growing in 
soil with a water content of 20 per cent. These conclusions are also borne out 
by oliservations made in these experiments. The greatest gi-owth in. ])ure clay 
soil without the addition of any mannre is probably due to the refentivity of 
moisture which ivS obviously more here tha.n in a.ny otluu* soil. Also it wa.s re- 
peatedly se.en in the tield that the maximum growth of tlic- rooi, syste.m wa.s fimud 
within the fij'st six to twelve inches of the surface soil, Aitliough im ibdinite data 
of tlie water movement at that depth were available, it coidd b(^ sal’c.ly assuiued that 
during tiie period of greatest growth the soil at that depih laul an a(lc{|ua.te wat^cr 
supply and ])rovided practically all the wat<u’ nee(>ssa,ry for the plants and that it 
was only afterwards, when by progressive <b:ying out tins upper soil was tc<i <lry 
for boneiiting the ])la,nt, that it obtained its wa.ter from lower levels a,fc greatca? depth, 
■plants also under constant irrigation, although they were, poorer in yield, produced 
greater growth than the pla.nts under alternate irrigation and drying ('Table 
VIII). 

aeration, ft’he importance of this fa,ctor in the root developnient has IxHin 
explained by the Howards^ 'Tliey found that soil aeration was esstmtiai for tJie 
proper development of tlie root system. According to them the oidy way b.y whic.h 
a low-lying rice held ctin get. its soil water aerated is by a slow pa.ssugc. of fresh oxy- 
genated water paid th.e roots. Again ac.eording to Canuuu Jind 'Fn^e,'' oiu‘ of Ihe 
lieneheial ellV.ets of lieivvy rains, aiiart from tlie increaseil water -content, sjiethdly 
in heavy soils, is the iiicrc.a.scd oxygeji supply to the plant roots, rain water being a 
solution .highly chargeil with oxygon a,nd having a markedly stimulai.ing (dTcct 
upon growth. Conlirmation of this was also obtained from tiie msults of tlmso 
experiments. The pots which were regulaiiy supplied, with l‘iv.->h wattu* iJirouglioiU. 


^ Oamiou, W. A, /tu'd, ji. !)(). 

“Miller, M. (t //jW, p, 15:14. 

'• KieHHuIlj;ic*k, T. A. 4^-a.uspinil4on .fept \ntli the com Nehr. Aan. Kii'nl T X l 

J!Ui), pji. ]2ri.l.‘5!), ■> i ■ •• • • - 

* llewtti'd, A. a, lid G. L. (J, Ibid. Also soil croaiou and surface drainage, i'iuw An,'}, ./,*(■*■, Jn.4. 
Bull. fj.*!. 

«Cauaon W A,, and Vree, VVeaveda iiahUeatiou by Cameyio lust . WaHlun<.t.tm, No. 21*2 

p. 90. 1 j 


showed "better growth of roots than the field, ■which depended almost entirely on 
irregular rains. Cannon ^ found that deep-rooted plants were less dependent on 
good aeration than shallow-rooted ones. No comparison was made with any 
deep-rooted plant, but rice, a shallow-rooted plant, responded fairly to the favour- 
able conditions of penetrability and aeration under pot-culture conditions.- 

The influence of various environmental factors on the root system discussed 
above reveal certain points of economic significance. We find that clay is the best 
soil both as regards texture and retentivity of moisture, that a certain degree of 
temperature of both soil and atmosphere is necessary for proper development, and 
that a change of water for oxygenating and aeration are the most important factors 
for the healthy development of the roots of the rice plant, h'urther, the study of 
the root system gives information on two more points. Firstly, it helps in distin- 
guishing difierent varieties from one another. Although -wide variations occurred 
within a type, through the influence of various environmental factors as j)resented 
by the field and -fche pot cultures, yet it was found that the general type of the root 
system was more or less a constant character of the t3rpe concerned. We have 
seen with regard to the variety No. (iii) of the late types, which showed a marked 
difference in root development under different soils, that its roots were finer in 
nature throughout under all conditions than those of the other three kinds. Again, 
variety No. (iv) of the late kinds, which was late in ripening as compared to the others, 
showed the greatest growth of the root system. Generally it was observed that the 
development of the roots was in proportion to the time of ripening ; latest ripening 
varieties showed greatest development of their roots. Cannon ^ also states that 
the roots of any species act consistently, and where the conditions are much changed, 
still the induced variation is superimposed on the specific and familiar habit in such 
a way that the proper habit is easily recognised. 

Secondly, it tells us the best time for providing the food elem.ents to the plant. 
We have seen that before the flowering stage, the roots are bright and strong, but 
with the appearance of reproductive growth, the roots start showing flaccidity. This 
obviously means a reduction of strain on the roots. The greatest part of the work 
of the roots, tlierefore, is finished before the flowering period. Consequently, the 
elements of food material must be provided during the early period of the life of the 
plant. This is in accordance -with the views of Sinor E. Herrero ® who states that, 
with the appearance of flowers, the whole of the plant’s energy is directed towards 
grain formation. According to him the assimilation of nitrogen, phosphoric 
acid and potash in the rice plant is fairly complete by the time the flowers appear 
and enough food must be available for the plant during the early stage. 


^ Cannon, W. A. Eelation of root growth and development to the temperature anth aeration of 
soil. Amer, Jour, of Bat., IT, No. 5, pp. 211-224. 

Cannon, W. A. "Uhe root habit of desert plants. Carnegie Inst, of Washington, 1911, 
No. 131, p. 87. 

® Herrero, Sinor S., Paper read at the International Sci. Congress at Valencia, roprodnced by 
E, J. Butler. Agri. Jour, of India, Vol. IX, 1914, p, 338. 
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STUBIES IN BOOT DEVELOPMENT IN BIOS 


T,; 


Anatomy of boots. 

Mg. 3 illustrates the anatomy of roots of the rice plant {Orym saf.im), 'fhe 
layer of cells Ijeiow the epideTniis is thiok-walled. In old ilaceid roots it sliows 





T, 5, TJ^rouqK ct Yaun 3 roof' of wl\t; aK (inhcurn T.S. Kyaugh roof aid wuN-'f {\ 

W(il^aro) Cr-aiisipo 

Fip:. ;5. ATiatoniy of t.ho roofs of Oryza sativa L. compared with the anatomy of a lami and a water filant of tho 

same Natural order. 

impregnation with reddish hrown colouring matter. The cfuii^rul pai'encliyrnatous 
tissue is also thick-walled, as compared with the walls of iilx' cells of t-hc c-ortical 
region. Generally five to six vascular bundles are present in a \v(']l dcv(‘lo])e,<l 
white bold root. The number may increase in old roots, but th<‘ir size, is slightly 
smaller thtin in the hold, young roots. 

A comparison of tho anatomy of the root of the rice plant, has Ix'cm nuuh', wills 
that of wheat and water hyacinth {Eiclmnia erassi^es) — a tyjsic'.a] land and a typical 
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water plant of the same order. We lind that the features of the joxmg white bold 
■root (No. 1) resemble the former, while that of the old flaccid root (No. 2), the latter. 
Big air chambers are present only in the cortex of the old roots. The middle cortex, 
as seen in the transverse section, consists of radial plates of cells Hke the spokes 
of a wheel, separated by lacunae. We know that roots perform a great part of 
their work I'-efore the flowering stage and also the assimilation of nutrients is almost 
complete bj^ that stage. White roots predominate during that period of life time. 
These roots arc devoid of air chambers and are not typical water plant roots, but 
ar<} similar to ordinary dry land crop roots like that of wheat. As such 
tlioy require aeration, if their healthiness is to be maintained. This is in accordance 
with the view expressed bj?' Briai in Italy who states that the roots of the rice 
plant do n<jt conform to the aCj[uatie type, and showed by means of water cultures 
that aeration was absolutely essential for their growth. The presence of a lacunar 
system in the old flaccid roots, according to Agnes Arher,^ may be attributed 
to the 'theory oi' inheritance of acquired characters. fShe states that there i.s no 
doubt that the habit of developing an elaborate aerating system has now become, in 
many eases, an inherited character, for though it can be modified and reduced by 
terrestrial conditions, it caimct be eliminated. U’lius, it seems that the rices 
grown in the plains of the United Provinces are not quite aquatic plants as is 
usually inferred from the fact that the crop requires much water and is generally 
grown under swamp conditions. The anatomy of roots shows that they require 
aeration for the healthy growth of the plant. 

My thanks are due to B. Paijanti Prashad, Bi.Ag., for the help lendered in 
washing the root and in taking measiu'cments. 

SXJMMAIIY. 

j 1. Studies of the root system of the paddy plant under varying conditions of 
1 growth have been made. 

1 2. A resume of the methods for excavating the root system as employed by other 

I workers is given and idle one employed by the Author is also described. 

I 3. Two types of roots were noticed during the life time of the plant — {a) 

! thin, brown, flaccid, branched roots ; (6) bold, white, almost unbranched. Their 
development, lateral branching, penetration, colouration produced on them as 
influenced by different soils, manurial treatment and varieties sown are described. 

4. The development of the root system was bright and strong before flowering. 
It became weak and flaccid with the appeaiance of the flowers. All food elements 
sliould, therefore, be provided before flowering when the root system is at its best 
to cari'y on its function properly. 

5. Studies have been made in the field as well and the results are compared with 
those ill 'the pots, 

^ iJir/i. \ (|Uot( il 1)y liainson, W. H., aucl S. Ayer. Ibid., Vol. Ill, i}art 111. 

" Arbcr, xVgncs. Water plants, Cftinbridge University Press, 1926, p, 194. 
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STUDIES IN ROOT DEVELOPMENT IN RICE 

6. Boot developmeat shows distingmshiag diagnostui (jliarautors £or cjacli. varictf 
which could be of help in the selection of varieties suited to pariicular loe.aiiti<'s. ' 

7. The texture of claj seems to suit the root dovelo pnieut bei;i;er tli;u» Mmt of loam, 
gravel and sand. 

8. Temperature . exerts a marked inlluence. aunimor and. raiuy s<;asmis 
appear to be the, most suitable periods for growth, while cold has an iuhihitiue 
action on; growth. 

9. The greater the moisture content, the better the growth hut slower is the 
ripening. 

10. Anatomical observations show that the; rice plant is not (juite an a<iiiatic 

plant as is usually inferred from the fact that it requires much vrater and is 
generally grown under swamp conditions. Aeration is absolutely essential for 
the healthy development of the plant. 
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STUDIES m INDIAN OIL SEEDS. 


No. 3. Cai/'tlmmtts finctorius linji. 
The Types ■ of Safflower.- 


KHAN SAHIB ABDUB EAHMAN KHAN, 

First Assistant to Imperial Economic BotanidyPnsa. 

(Beceived for publication on 28th June 1920.) 

1. Introdtiction. 

Safilower {Garthamus tinctorius Linn.) has been under investigation at Pusa 
since 1908. The results of the earlier investigations with this crop have already 
been published in a Memoir^ containing the descriptions of 24 types wliich were iso- 
lated from seed obtained from Bombay, Sind, Bihar and the United Provinces. The 
present paper contains the descriptions of ten additional types which have been iso- 
lated from seed obtained from Dacca and from Behea near Patna. These ten types 
are quite distinct from those previously described and the present paper must be 
regarded as a supplement to the original Memoir. Work on the isolation of these 
types was started by the writer in 1918 under the instructions of Mr, A. Howard, 
the then Imperial Economic Botanist. Most of the selections were splitting natural 
hybrids and took a long time to become fixed. Since 1926, however, they have 
been found to breed true to type. 

IL Morphological Characters. 

The morphological characters of the original 24 types of safflower have been des- 
cribed by Howard, Howard, and Abdur Balmian Khan who state that the classi- 
fication of types is relatively easy as they vary greatly in general habit, leaves, 
bracts and inflorescence. These authors classify the original 24 types into two main 
sections according to the shape of the outer bracts and the presence of spines on the 
outer 1.)racts. Eurther subdivision, of these sections is based on the hairiness of the 
bra(iis and the colour of the florets. The first four of the ten new types (Nos. 25, 
26, 27, 28) are spinose and fall next to types 5 and 6 in the first section of this 
filassilicatioii ; the remaining six new types are spineless and constitute a third 
division of the second section. 
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The following description of the morphological cli;iract('r;’. whicli ionn the Ixasis 
of th.e clasHlli cation is talcen from the previous Memoir : — 

‘‘ HahU. The great diifereiices met wdth in goiie,ra1. habit depiciKi on the hobpit,. 
on the angle at which the secondary branches are given oiT and aiso on, tlse poin!^ 
on the inuiii sban where branching begins. Tln^ range in Innght ut! tfic. vii-rioiis i.y 
is considerable, the limits in 1914 being 100 and 170 cm. The gefuri’a,] iuigle .‘d wlihih 
the socoiidaiy branches arise from the main stem also shows a wid(^ range Irons Tatliei 
dwarf, spreading, well-branched jdante to tall forms in which the branch css m’e. cslose 
to the stem. Approximate measurements of these angles showed that the limits were 
15® to 45®. The habit is also influenced by the point on the same stem at which 
branch], n,g begins. The open, spreading forms begin to branch low on the stem, 
about 5 cm. from the gromid, while the tail forms of closer habit do iioi} give off 
their first laterals below 30 cm. from the base. 

Leavefi. The large, lower leaves, whicli a.T<i jdway.s pi’acticnlly free from 
spines, vary greatly as regards the margin and the (jxt.ent of division. ^ IFln^ ma/rgisi 
usually ranges from wavy to deeply dentate, wliile in .stone, types tin' lea\es a]‘(‘ 
entire, in others they are divided almost to ilni midrib. In Mm bn-r, iypcH, the 
interm>des near the base are. very short and in those there a])j)eiir;i lo be. a i.nfi. of 
radical leaves ; in the earlier ,forms, the internodos are, more, tn-'mil v disi ribute.ti. In 
all the types, the leave.s diminish in size from below n[»wards and, in all cases, the 
upper leaves are more or less spinose. In some t^'pes, liowcvtn*, the s,]>i!{es are. vo]’} 
small while in others they are highly developtsl a,nd are ])oth long and ninnerous. In 
the massed habit, the difl'erencos in leaf-colour Ixd.wtMin tlie typt.-s b«‘i;onm tivideiit. 
The tone varies from light to a very dark green. 

“ BractB. In the involncral bratits there is also a grea.t range in i'orin {.I’hitt^ 

In all the types, the outer bra(*ii.s are oonstrie.tcid altove the ba.se a.nd a.r(} ;dwa,yi3 
foliaeaions and often .spinescent. T’he basal imbricated |)orfciona of the b,i*a.c;t.s are 
without .spines but thc.se are more or less developed on tlie .foliar |>art .‘ibove tluj 
oo.a.striction. There are great diifcjamces a.ino}ig Mm types in. the slia.pe, 

indentation and degree of dovelopnKmt of the spiiui.s of tlie fo!ia.r povfhms of the in 
volncral bracte. Those types with .spino.se up[K>r leaves develop tlii.s clia.i'a,ctor 
in the bracts, while in the almo.st spineless forms the. spim's on tin; Icrjicis iV'.w 
and short. In some types, the lower imbricai.ed po]‘tions of the IfriulH .-(.re covered 
with soft white hains, in. other.s, these a, re Jiea.rly ab.s(mt and tlic. uiio|icnr-tl buds 
look green. The hoary or green appearance of the capif.ulinn, is a re,utarkably 
constant character and one that has been made use of in (dtissifyiug the tyj)e,s, 

“ i7orcte. The colour of the florets vnarie.s Irojn wh.iti.sli 1o a.huo.st rc;d 
(Plate II). t .Bciween these extremes, yellowish and sligliMy r(^ddish inlcrmc.di.atc 
types occur. Tiiese dilfercnce.s arise from the yellow .‘Uid rc,d colouritig nia, tiers in 

1 '.I’ho lainti Icwc.r loavoa of ail the tyyoia are iHuatmieU mi | ;n, omi uf (lie aUiiiioir. 

* .lu noiiiu of i,lio now types the upper loavo.s are enl.iroly H}iiuolo.Mn. 
t Hee Mem. Ik/pL Ayri. India, Bot, Bar., VoL VII, No. 7, lUlo. 
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tlio floret and tlie degree to wMct tlie red colour is deTeloped can be seen both in 
tbo unopened buds and in the faded corollas.” 

IIL DeseriptloB of the new Types. . 

Type 25. Intermediate as regards time of maturity, height 114 cm.,, hahit 
somewhat erect. Lower leaves 22x8 cm., oblanceolate, incised, rather dark green. 
Inflorescence leaves lanceolate, spinose-serrate with long spines. Outer involucral 
bracts leafy, constricted above the base, lanceolate with long spines ; inner bracts 
narrower, 4-2 X 1*2 cm. Florets deep yellow in the bud with a red dot on the apex, 
yellow when open, fading to orange red. 

Type 26. Yery early, height 80 cm,, habit spreading. Lower leaves 18x5 cm., 
oblanceolate, dentate, dark green. Inflorescence leaves lanceolate, spinose-serrate 
with long spines. Outer involucral bracts leafy, constricted above the base, lanceo- 
late with long spines ; inner bracts narrower, 3-8 X 1’2 cm. Florets deep yellow in 
the bud with a red dot on the apex, yellow when open, fading to orange red. 

Type 27. Very early, height 100 cm., habit spreading. Lower leaves 19x6 cm., 
oblanceolate, dentate, light green. Inflorescence leaves lanceolate, serrate with long 
spines. Outer involucral bracts leafy, constricted above the base, lanceolate with 
long spines; inner bracts narrower, 3*8 x 1-0 cm. Florets deep yellow in the bud 
with a red dot on the apex, yellow when open, fading to orange red. 

Type 28. Very early, height 113 cm., hahit spreading. Lower leaves 20x 6 cm., 
oblanceolate, dentate with long teeth, light green. Inflorescence lanceolate, spinose- 
serrate with long spines. Outer involucral bracts leafy, constricted above the base, 
lanceolate with long spines, inner bracts narrower, 3*6 x 1*3 cm. Florets deep yellow 
in the bud with a faint red dot on the apex, yellow when open, fading to orange red. 

Type 29. Very early, height 106 cm., habit ver}?- erect. Longer leaves 16x6 cm., 
oblanceolate, serrate, very dark green. Inflorescence leaves lanceolate, spineless, 
entire. Outer involucral bracts leafy, consfcricted above the base, lanceolate or 
sometimes elliptical, spineless ; inner bracts narrow and smooth. Florets deep 
yellow in the mature bud with a very faint red sjjot on the apex and red streaks 
and patches on the aides, yellow without red spot when open, fading to red. 

Type 30. Intermediate as regards time of maturity, height 126 cm., habit erect. 
Lower leaves 16x4 cm., oblanceolate, dark green. Inflorescence leaves lauceolate, 
spineless; entire. Outer involucral bracts leafy, constricted above the base, lan- 
ceolate or rarely elliptical, spineless ; inner bracts narrow and smooth. Florets 
deep yellow in the mature bud with a red dot in the apex, yellow when open, fading 
to red. 

Type 31. Very early, height 97cm., hahit spreading. Lower leaves 16x4 cm,, 
oblanceolate, serrate, dark green. Inflorescence leaves lanceolate, spineless, entii-e. 
Outer involucral bracts leafy, constricted above the base, lanceolate or rarely ellip- 
tical, spineless ; inner bracts narrow and smooth. Florets deep yellow in the mature 
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B. Jt’lowcr buds deep yellow with no red dot. 

«. Flower buds with red streaks, leaves dark green . . . xxsii, 

b. Flower buds without red streaks, leaves green, 

1. Plants early . . . . • • . . Typexsxiii 

2. Plants intermediate in maturity . . . . . Typo xxxjv, 

V. Oil Content of the Seed. 

Although the importance of safflower as a dye-yielding plant has been consider- 
ably affected by the introduction of the aniline dyes, the crop is still of import- 
ance as a source of 

The percentage of oil in the seed of Types 1 to 24 was determined first in 1915 
and again in 1925. The later determinations show generally a sliglitly liiglior A'alue 
for the oil content (Table I) ; this may be attributed generally to siaisomd vai'iation 
although, in the case of Types 1 and 22 the differences between the two detornvbiations 
are evidently outside the limits of liuctnating variation. The oil peuicntago in t he 
seed of now types was determined for the first time in 1925 and again this yimr, v lnui 
Type 1 and Type 22 were also included in the analyses. Ai> present no tevplanation 
can ho given for the marked variation in the oil percentage ifconled fm- I’^'pcs ] 
and 22. In thcj new types those isolated from the .Dacca seo'd poss(>ss general]) small 
seeds and a low content; they are, however, rich in carthamin and ;u‘o spineless. 
This latter character may render them useful as a fodder crop. 

Table I. 


Oil content of the types of Indian safiower. 
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5-1 
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2(i-77 
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5*07 


30-1!) 

27-41 



1 Howard, A., and Remington, Jj a. Safflower Oil. Axjr, Mas. JnsL Pum., Bull 121:, 1 !)2 J . 
Hoc.ciL 
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PREFACE. 

The preparation of this Memoir has been delayed for a variety of reasons. It 
has been thought better, however, to keep to the original plan of recording results 
lip to and including 1926-1927 and to publish, further results in a second Memoir. 

My ackiiowledgnients are due to Dr. H. H. Mann, D.Sc. (now retired), who 
as Director of Agriculture planned, stimulated and controlled this research and 
who assisted me much in the drafting of the manuscript ; to Mr. M. ,L, Patel, M.Ag., 
Cotton Breeder, South Gujarat, Surat, for Jiis help and criticism at all stages of the 
worlv ; and to Dr. W. Burns, D.So., Economic Botanist to tlie Government of Bom- 
bay, Poona, for help in tlie hnal <lrafting of the Memoir. 


loth June., 1929. 


V. M. MAJMUDAR, 


Tobacco Breeder^ Nadiad. 
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STUDIES IN GIJJAilAT TOBACCOS ilND THEIR IMPEOVIMBNT, PiJtT 1. 

B¥ 

YALLAVDAS M, MilJMUDAR/ B.A g., 

Talmeao ljfe.cdi:/i\ Bmnbay Depa,ftmeni of Agricnllufe 

(Kticeivttd for publication on 3rd August ill2tl.) 

1. Iin’TRODUCTIOW, 

Tlic iiiipol tauce oi tlid toljacco crop in India lias been steadily increasing in 
rcGeiit ycarSj and this lias been obvious in Peninsular India, that is to say, in the 
Ma<li*as and Bouijiay Preskleacies. In Madras, while, as recently as iSUfs-Oh, the 
.‘M'ca was a little over l:]0d.H!y acres, it had amomited to 232,000 acres in '1926-27. 
Ill Bojubay, in i90y--lMs, thsi area was about 60,000 acres, but this had increased in 
IOi7-]8 to O^tjOOO ac]-cB, aud in 1 024-25 to 122.400 acres, though this latter acreage 
again IVll in 101,000 acres in ]026-27, 

Blit whlie, iu ihe isouiluiy i’reyiJuucy, the tulai ;ir*-a under tobacco cultivation 
bus limy iiici’eaM'd \ >‘ry c«i5U!idi!iJi,biy, yet the iegiuns lu which ihe croj} Is grown 
;u'e, the .same as bel'oie, Aiuio-d, the wimie of the iobaeeu, in fact, hi produced either 
iii an jirea in itie Wesiern Ucccaii with Ivolhapitr as thii centre but exii-ndiug soutli 
Iniu i.he iieigji.uju. ujiU non h into ihe hU.iura .Distrieis, or iu a region ceniriug rouiui 
Site Ividrn, District in idijitrut, iiud including portions of the Barothi, Htute and of 
the Alrmeilaliad and llrouoh .Districts. Eaelv of these areas has its peculiarities, 
but tlie preseiit study deals entirely witJi ihe tobacco grown in the second of them, 
that occuiTiiig in Upper Gujarat. 

Ill Upper Gujarat, the inifiort-aiice of the crop has very rapidly increased. . Thus,- 
for instance, in the Kaira District itself, ihe present centre of cultivation, the 
tobacJGo crop occupied only three per cent, of the cropped area, in 1859-60 
'while in 1924-25 it. occupied 5‘7 'ptu* cont. ami iJie actual acreage at various 
lias , ijeen recorded as follows : — 

Acres. 

i859-n0 10,627 

iS76-77 ,10,161 

1 902 -04 .............. 16,S77 

1923- 24 ............ 33,790 

1924- 20 . 47,304 

1926-27 . . - . . * , « . ■ . . . . 34,033 

This large ii.jcrease has been caused partly by the partial failure of water in the 
ivellfl of the district, leading to the re])lucemcnt of crops lilie .si!ga,i‘cn.Df wliioli reqm.re 
a huge umomit of iwigation water by tiiose wliich recj-tiire much le.ss, like tobacco, 
and yet which gi ve a fai:r]y laage moiietaiy return per acre. It lias also liceu connect- 
e«l with the very liigli reiudation possessed by (iiija.rat tobacco for country consump- 
tion, Ar vvliilc other districts like the east coast of India aiid partinulnrly Gimtiir 
luive coiiceiitruted on growing cigarette tobacco, Ihe growers in Gujarat have en- 
tirely, or almost eiiti.!'eiy, devoted their attention to growing the strong, rank, thick 
toiiacco vvhicdi is mast higiil)!' appreciated for hidis and other- forms of country 

( 89 ) . 
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comamption. The main market, in tact, for Gujarat tolmcoo is *‘‘'7; 

and iu Central India. The work recorded in the present memoir lias lieu i-.ii , 

for the production of an improved type for this market, w Ineh, as w. , lie 

reqnireB a tobacco of very dilfereut character from tliaii nee<lc.,i .lor the ai.i.i U-.t 

or even for the local cigarette market. 

11. VARIETIES OP TOBACCO IN CULTIVATION IN (luJARAT. 

There are records, albeit meagre, of the types of tohacco in cultivation 
iu Gujarat at intervals since 1879. In the year meutioued/ tliere appear to liave 
been two recognized types in cultivation, knowu as tlie falabdi or local, am 
the “ Khandeshi ”, which had been, at least traditionally, brought from 
Khandesh. The former, says the Bombay Gazetteer, was a lall pliml with large 
juicy and tapering leaves, with heavy coarse veins, a loose tesliiiv, and a dull yellow 
colour when ripe. This was considered to be h,ardy, growing in poor soi s, an. 
needing little manure. The latter or KJiandcsl.i type was a shorter plnnt, w.IJi slioil. 
narrow leaves, with a closer texture than the local va.n(',ty, ami which prixliUH'd a 
product with a deeper and more hrilliant colour. Thti ])huits of this varicly waue 
considered more delicate, needing a richer soil and more mauuiv, but less water. 

Of these two types, the former corresponds fairly closely to the niost (‘.oiiimon 
tobacco now grown, known as Oo/tuUm ; the latter is not widely dissimila,r from that 
known as Pil;m. The names found in 1879 are now quite unknown. 

In 1901, Mollison^ described the varieties then grown as follows :~™ 

Skamru, plant with a very low habit of growtli, internodes very close. Leaf very 
granulated or crumpled, broad with tlie greatest width one-quarter of the leugl.h 
from the base, gradually tapering to a moderately blunt point. Tlie luidni), viuiis, 
and reticulations all prominent and coarse. Texture, thick, coarse, a, nil sui t. 

PeeJm plant fairly tall. Leaf granulated, large, widest about (uu-third <>1 
the length from the base, narrow for a very short distance from bast!, and tiu-n 
widening abruptly. The leaf tapers to a sharp point. The malrih, vuius, and 
reticulations all prominent and coarse. Texture, thiolv and sol i. 

Kdia{BafQcla) L Plant tall or moderately tall, leaves somewhat gTa,nu!aL<!d, 
narrow for a short distance from the ba.se, then wMening and litic.ommg wule.-.t 
about one-third of the length from the base. They are moih'.iutfly Ixatad, long;, 
and sharp-pointed. The midrib and veins fairly coarse, the veins liiid reticula- 
tions numerous. Texture, fairly thick and soft. 

Kalia (Bamda) 11, Plant fairly tall, leaves crumpled or very mucli granulated, 
narrow for a short distance from the base and then whieniiig abruptly, and be- 
corning widest at one-fifth of the length from the base, thc.u tapering rn’inliiidly 
to a sharp point. The midrib, veins, and reticulation, long, prouiiiuiut, and coaivse.. 
Texture, thick, coar.se and soft. 

^ Bombay Qa'Mteer {Kaira District), 1879. 

- Mollison. Te^tbooJe of Agriculture, Vol. Ill (Bombay, 1901), 


YALLAVDAS M. MAJ5IDDAE 


91 


Unnamed mfiety from Nadiad. Plant dwarf and low set. Leaves very orampled , 
sliort and very wide in proportion to length, being widest one-tMrd length from the 
base and thence tapering slowly to a sharp point. 

A good deal of change has taken place in the types grown and in the names given 
to them since the above description was given by MoUison, but the varieties at present 
cultivated which correspond most closely are as follows : — Shamru corresponds 
fairly closely to Gandiii as now grown. The name Shamru is no longer used. 
Peelia is similar to the present day Piliu. Kalia is now known as Keliu, and the 
two types described imder this name by MoUison cannot be distiiignished. The 
Nadiad unnamed variety cannot now be identified. 

At present, all the cultivated tobaccos of Northern Gujarat belong to the species 
Nicotimia Tabacum, Nicotiana rustica is rarely found even in gardens. The 
predominant variety, not only in the Kaira District but throughout the Bombay 
Presidency, is that known locally as Gandiu, and this, according to Howard’s ^ 
classification, belongs to his class 11 B, i.e., those with broad and elliptical leaves 
tapering at botli. ends. These types have a leaf ratio between 2 and 3. Though 
this Gandiu is the predominant type everywhere in Western India, the variation 
in the local varieties is far greater in the Kaira and adjoining districts than in other 
parts of the Bombay Presidency. 

It is proposed, therefore, to give a description of the average type, as now grown, 
of each of tlie recognized varieties in this area, and indicate the variations which 
liave shown tliemselves in tlie characters during the five years this study has been 
in hand. It will, of course, be quite obvious that the individual variations are 
very great, and the average type is not easy to recognize in any single plant, but it 
seems wise to place on record a note of these characters and their seasonal varia- 
tions when grown, under identical conditions at Nadiad. 

The varieties now gr<3wn are as follows : — 

Gandiu. This variety, as already stated, is far the most important and ge- 
nerally grown, both in the irrigated and in the dry tobacco area. It occupies at 
least fifty per cent, of the area under the crop. It has a large, broad, coarse, thick 
leaf, giving a “ strong ” tobacco. It is the least tall of all the vaiieties grown, and 
has the compact, short, and almost flattened inflorescences which are also found 
in Keliu and Movadiu. The capsules are wider than those of Film and Shenrjiu. 

Piliu. This variety is particularly grown at Petlad (Baroda) and in parts of 
Borsad and Anaiid Taliikas (Kaira). In the Kaira District and adjoining parts, 
it occupies about half the area which is grown with Gandiu. It has a norrower 
and shorter leaf than the latter, being particularly narrow at the base, and almost, 
at first sight appears to have a petiole. It is usually considered to give a higher 
quality of tobacco than Gandiu being superior in colour and strength. The plant 
is taller than Gandiu and has long inflorescences with flowers siiarsely arranged. 

^ TIo wards. A. and G. L. 0. Studies in Indian Tobaccos. Mem. Dept. Agri. India, Bot. Ber,, 

Vol. Ill, No. 2. 
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It ripeas fl.boiit three weeks earlier than the &mdiu variety, I’iie cjap.iiiKifi are 
jiaiTower and smaller than those of Gmidiu. 

Keliu. This variety is found most largely in the Bursad aiid Aiiitnd 'faitiLur; 
(ICaira), while it is also g.imm in the adjoining parts of the Bm-oda Mial.e. 1 1 (seuu - 
pies nearly the same area as the Piliu variety and is a late typo. 1 1 is ••ishv a l;.rj;h 
in the irrigated and in the dry tobaoco area. It lias the laignst leiU'os ul‘ a,u}' i»i Llu.^ 
varieties grown. It is the tallest amongst the local type and has long inLoriiudcs. 
As it prefers somewhat brackish wateig it is. a favoniite variety of jDluyiiiaj (Barodu,) 
and Tirsad (Kaira) villages where there are v?ells iaiowii for ilieir brackish H''ai;er. 
The produce of this type when grown under these wells is largely used fui iujokali 
tobacco and for snnh. 

Movadiu. This variety is grown only on a very soiall scale and genei-ally as a 
diy corp, almost entirely in the Thasra Taliika (Kaira). It takes its luiuic. I runt t!ic, 
resemblance of its leaf to that of ilfmrm tree {Bassia lalifolia). It has very d.rrk 
green leaves in the early stages of growth with very promtneui. veiius. I n shape, 
the leaf resembles Gandiu, the breadth being very great. 

S/niHf)ia. This variety is also only grown on a samli scale, aud -euer.dij ar. a. 
dry crop, only in the Thasra Taluka (Kaira). Tlie leaf is Ihe. longest *h ell ihe typ.;,., 
anil.iiics loiig narrow portion at the base almost looking like {Hitioh;. The H.*a! 
thin and hence it is considered poor in cpiailty, thus commanding a htw nriem 

The v'arieties de.sorihed above have been grown at TIadiad nndoi' idtuiiieai eondt- 
tions since 1922-23, and measurements have been taken of n, large numbea of pia.H,,', 
(e.'iiact number of cases given in respective tables) of each variety in each scicsou. 
The average of these mea,suremenl;s in each year a,nd the gm.im‘y,l c.vcragr for tln.^ 
years iiieiuded may now he given. 

(A) lltighi of l/ie ‘jdanis. 

Tauce 1. 

f-highl of Ihe f.obaeeo pUml from bd.sa to the top of the main tmk. 


Vui’kly 

Vkaus. 

iDsa-as 

i'.)aa-a4 

11)21-25 

ia2ri-2« 

n»:Aa7 

iyeau E'*’ 

Mean e 

ftlixiH 3 

ttl'Uil c 

c: 

I- (hmiliu . 

mua 

i. lid'M 
i. Mr/vadiii . 
k dho.iKjhi . 

TOO 

7!i-T :!•() 

a:i-« a-i 

Nti 

04-u 1-1 
70-7 1-1 

sks i-o* 
7(!-;j .1-7 

, of 0»HC3 ItW tu 

7t)-;4 O-li 
lou-o I)-!) 

lia-a Ml ' 

lOii-i'i 1-4 

74-2 ,l- } 

iVti 

Df!-1 M> 

Si) 'll 

UW'I) I’T 
laiM) ;r!» 
»i-a Mi 
SMt Mi 


It will be seen tha,t the Keliu m the tallest with Mavadia ikAia liod Kin h 

yiii are the mu.st variable on the whole and Gandlu is the h..‘,ii.st 

='‘3 Hlautl.trU of fcho u 

/ 
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{3) Le/mjth and greatest hreadili of leaf mid leaf mtio. 
Tabre- II. 

Length of the tohaiMiQ leaf of different 



Yeajis 

Variety 

,1922-28 

1923-24 

1924-25 

192&-20 

1920-27 

Average 


Mean s 

Mean s 

Mean s 

Mean g 

Mean g 

Mean e 


€ai. 


■ 

era. 

4iiU. 

.cm. 



No. frf cases 100 to 200 



1,. Uuwhiii « 

80-0 -OS 

•it-5 -34 

47 0 -19 ' 

41 -2 -IW 

32-7 -58 

4:m -it 

2. I'iliti , , 

82-0 -40 

3r>-;-; -no 

40-ti '25 

32- 1 -24 

31-S -10 

OOti -il) 

ij, Ei4iti 

8'M) -r.r. 



43-7 -sr. 

85-2 -40 

a.s-:! -10 

•i MuuuUk , 

ii-i-O -14 

•ii-r. -IS 

37-0 -29 

40-5 -22 

35-5 .57 

;!7'4 -10 

fi. Sill Kill II • 

-71 

44-7 -01 

4S-0 -34 

87-0 -SO 

34-0 -OV 

43-2 


it will be seen that (kindht and t^lif’ngui are liotli loiig leave<{ with k'/ifiigm iiiure 
variable, while PUiu is short leaveii. 


Table III. 


Greatest breadth of the tohaoco leaf of different vmielies. 


Variety 

I'BAUa 

1922-23 

1923-34 

1924-25 

1925-26 

1926-27 

A vel'iigo 

'Meau e 

Mean e 

Mean s 

Mean s 

Mean s 

Mean e 


CIU. 

tilsi. 

cm. 

cm. 

ca. 

cm. 



No, of eases 100 to 200 



1. Giriuli’ii 

15 •20 

23 -21 ' 

21 -21 

19 -34 

16 -25 

2 l'f- -26 

I’iUn „ 

11 -20 

15 -15 

17 -15 

12 -12 

1 1 -20 

14-6 -If. 

3. Kelh, 

. 

li! '27 



21 -ao 

16 -22 

17-4 -24 

4. Miu;iiI;h . 

13 •■2S 

23 -24 

20 -22 

22 -28 

15 -29 

20.7 -iiO 

5. Shi-H.jiii . 

13 -32 

17 -18 

19 -19 


13 -24 
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Table IV. 


Leaf ratio of tohacco leaves of different varieties* 



From tlie a1)Ove Tables, it will be seen tliat tbeso tobac{‘OB riusv? Uiciiiselv<;siitto 
two groups ; one of tliese, composed of the narrower loavetl varielie.s, ineiudes .Pilki 
and S/arngiu with a leaf-ratio always over 2*3, while in certain stsaNous it iiury Im*. 
much higher with a general average of 2*5 or ovtu, Gandia and illamdiu varieties 
are broad, centering round 2 '0, while /u#n is intermediate with ais average leaf 
ratio of 2'2. 

The size of the leaves depends, however, not only on the lengtli anti tiic breatltir, 
but also on the position of the widest portion of the leaf and heiuje direct tletei-mina- 
tion of the average size of 100 leaves was made l)y the Planimeter in l!l2f>-27 wilh 
results as follows : — 


Avorago hiko of itsavoa giwvn for 
seed in atj. cm. 


Variety 


1. Qa-ndiu . 

2. Piliu 

3. Kelin 

4. Momdiii 

5. Hhengiu . 


Mean 


.109 

J2'3 

291 

Svl 

320 

9-0 

355 

S-3 

279 

'M 


The separation of Piliu and SJimgiu varieties from the other Kairfi tnhaccos is 
still clearer. 
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(C) Number of leojves per plant. 

Table V. 

Total number of iobacao leaves borne by the plant from base to inflorescence. 


Variety 

Yeaiik 

1023-24 

1924-25 

192.5-26 

1926-27 

Average 

Mnen s 

Mean s 

Mean s 

Mean s 

Mean s 


So. of cases 100 to 200 



1. Cll)!l/>lt , . . . 

32-{) -17 

30-7 -IS 

33-0 •00 

39-1 -41 

32-3 -09 

2. IHliu , . . . 

20-8 -22 

27-1 -13 

28-1 -IS 

37-3 •5.5 

29-3 -12 

8. Kefiv . . . 



40-9 -(a 

4.5-1 -,38 

.l.'l'O -08 

1. Moradiii .... 

-21 

35-S. -10 

37-0 0.2 

38-2 -89 

36-2 -08 

5. Shengm ..... 

28-3 -38 

27'3 -23 

28-1 -10 

36-2 -58 

29-1 -22 


It will })e. seen fchat, so fe,r tlic variation in tlie numl:)or of leaves from season 
to season is concerned, tlie differences are consideraLie. They are, in fact, almost 
as great as in tlie extreme cases among the types isolated hy Howard.^- The very 
higli figures found for Kelm and Movadiu toljaccos have not been observed else- 
where in India. The number of leaves in 192(5-27 was high, but the relative posi- 
tions of the varieties are almost the same as for all the years taken together. 

(D) Period required for blooming. 

The inflorescence in Gandm, Keliu and Movadiu toliaccos is compact and short, 
being almost flattened on tlie top, the side branches being usually level with the 
main axis. In the PUiu and Shengiu, varieties, on the other hand, the inflorescence 
is long and the flowers are sparsely arranged. 

The tobacco is transplanted about the 3rd or 4th week in August, and the period 
required for blooming is calculated from this date to the date of opening of the first 
flowers on each plant. The figures actually recorded are as follows : — 

Table VI. 

Period required for blooming. 


Oandiu 
PiHii 
Keliv 
ilortuli It 
Shrngiii 



Years 


1923-24 

1924-25 

1925-26 

1926-27 

Variety 

Days 

Days 

Days 

Days 


Mean s 

Mean s 

Mean e 

Mean e 


79 0-S 

77 1-4 

.SB i-i 

66 2-1 

68 0-6 ' 

52 0-4 1 

Oi 0-9 

49 0-6 

80 1-3 

71 ()-4 

90 2-6 i 

92 0-7 

73 1-3 

97 1-7 

73 1-7 

132 1-9 

108 1-1. 


Average 

Days 


m 




ii 




^ Howard, G. L. C, Tire Inheritance of Characters in NicoHam Tabacum. ifem. DepL Agri, 
Utlia, Bot. a&r., Vol. VI, No. 3 (1913). 
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Thus PiUu and Shengm are early varieties, KeMu and hlmmlhi. I.'iie 
anrl OrnuUn- is intermediate. It will, he seen that there are very eonridc^rnfile fine- 
tnations as to the average length of the period required for hlooining in difiV.reiii 
years, and 1 hat all, the varieties are not .affected in the same way in e.-ndi yeirr. 


Ill, OoNDITIONS OF TOBACCO GBOWlNG TW ITPPIOI CJsMAKAT. 

Tohiicco growing in Upper Oujarat is done on somewhat' liglst soil, eii.lu-s- ol Ihr 
( lass ksiown as goradu, which is really an old alluvial silt, on mnvor aJInviiiini aisovf" 
Hood hivel or in a few cases even in river-beds. Both the gomdn soils and ilm ne.wej' 
ailiudisin are of great depth, usually of fine consistency, varying how(‘v«‘.r in cfiarimtej’ 
from a sandy loam to a moderately stiff clay loam. Whf3re there are stiff 
eii'tier on the surface or in the sub-soil through which the roots of tohaee.o phsnt.;-', 
find it difficidt to penetmte, theiT. the tdl)acco is Rucii paleljes eon. it 

has boon shown, be made to grow excellent tobacco by aeration of tho soil bv moan:’, 
of drains and applicat.ion of largo doses of farniyard ma.mirc. 

The. soil of the Nadiad Ibisoarch Rtation, which is typical of tlic loliacc.c gi’owiny 
tract, gave the following figures on analysis in ; 

J’or ceiii. 

Total nitrogen . ■ ' . . . . . ... , » 

„ iilinapliorio acid . . . , , . . . . 0*3 1 Si! 

„ potash 0*4:fi<5 

„ lirao . ... , . . . 

„ available phosphorie a.oid . . . , . , . . 0*i;jl8 

Avajlablo potash , . . , , . . . , , 0*()fifi'7 

HurnfaU, The average anniiid rainfall at Nadiad, wldch lies in the centre of 
tJie imvA, for forty-eight years is ffil-fiO imhes. Tlie variability m tii(3 total f’ainf;ill 
is indicated by tlie fact that in six years (out of 48) tiuire lias been less tlnui 14 infilies, 
in one year the fall tvas luitween 14 and 21 inches, in. seven cases the. arnoutvfJay 
betAveen 21 and 28 inch OR, in sixteen years the (piaiitity was IndwiMv!! 28 sMid 85 
inches, while iti eighteen years it was over 35 inches. 

The monsoon begims by about the end of June, jmd tlui lie.avi<3st, raitifa.ll is in 
July ; it closes by the end of Reptember and, in October, i-ain is absent, o?- ’varry sca rif.y. 
The average fall for each of these months ha.s been as Follows : — 

Indif'ii. 


.tune 

■ • • • . . . . . ’ . . , . :i2-ftU 

Aii£»uf:t . . . . ... . , , , . io-a;'. 

Septoinhor . . . , .... . , . , 5.| | 

October . . , 0.44 

November . . . , , , . , , . , . 
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i'an ih riiiui-f.y, 'I'jH' iffllowing shows for each month of the year a.^ .Nadisul 
! iu' .-Juinui iMid the average minimum shade temperatures during the iast 


Mnnli. 

A.vei'ivjo 
ina ’tiiimni 
ttitniteraliirt,'. 

'liiiii'iiinti lOifOo 
let)ijM!ia).iire 

F^’ 

Ja.ruiary 






82. 

02 

Fchnui-ry . 






se 

o:-: 







oh' 

I ((., 

lit* 







100 


.■Ih.IIO 







7S 







ss 

70 

Angvififi 







■7;} 

8f' [)(.>«* It! 






MO 

72 







DO 

I'iiV 







SS 

5S 

Decten liter' . 






S4 

iri 


iki'!li)ja'!ion. In tlie area now under discussion tobacco is rarei}* rotated with 
'jLlior cro]js. it is believed by the people that the longer the soil is under the crop, 
fclie "better is the produce, Seedbeds are usually made on high level land, and under 
the shade of trees. If the necessity of such land is not realized., and the seedlings 
are grown in the ordinary fields, there is often a large loss, if storms occur. Thin- 
niiig <')f pfwxlbcil.s is not commonly carried out, and hence the seedlings used for trans- 
plfintiiig fire often weak. The seedbeds are manured with farmyai’d mamire, or 
goat manure. 100 square feet of seedbed is usually considered enough to 
plant out an acre, and, one ounce of tobacco seed is sufficient for this area. 

The land in wliicli the tobacco is ultimately to grow is ploughed five to seven, 
times with the local plougli, after the monsoon starts. Farmyard manure is given 
at the first ploiigliiiig at the ra,te of ten tons per acre. After the last ploughing, 
the soil is compressed with a flat plank to ensure a firm bed. Seedlings are 
geiiei'jilly pilanted two feet apart in both directions, though there is a tendency now- 
a-days to increase this distance to two and a half feet. In the case of the PiKu 
variety the seedlings .are planted closer, namely about 18 inches apart. 
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Seedlings are usually transplanted when they have four lea in the Keeoiid 

Ijalf of August If the crop is to be raised without irrigation, it is jiiaiii-rd earlier 
by about a fortnight The land is hoed seven or eiglit tjnes after ! rnnaislanting, 
the first two hoeings being done by hand. Three or four waterings art; ussiaiiy 
given to irrigated tobacco, at intervals of a fortnight 'I'iie, lirst irrig;a,i ion is (hv 
layed as long as possible. The /feZw. tobacco grovvn in the Ibur.ad Taisika. is 
with braoldsii water often containing a distinct propori ion of rii{, ra tes, ami iho }'ieifi 
is consequently very high, being about 2,200 to 2,(!0t) ])onni!s of cnf(>(! tobaceo 
per acre. 

When the flowering shoot appears, it is nipped of, iriaving usually l4 to i h leaver; 
on each plant, of which the lower four generally wither aaul die. Kuekers fonniiig in 
the axils of the leaves arc removed regularly every wcelr. Tim plants arc. ready for 
harvest between January and March, the time varying with the. va rictv (tSee abuvrt). 

IV. The Heiusiutv op oEUTAm characters in tUrj arat tobaccos ano a’uiuR 

VARIATION. 

Tlie heredity of many (haracters in cultivated toi»ac.c<> lias bi‘(>n c.sliaiislivcly 
(ixamhuHl in a series of Memoirs l)y Ilovva,rdH^ ami pi-e<;auti<>n.s ncncs.-.aiy in sinh 
studios have been laid down by them. These special pn‘ca.uii(uis, iiicludiiig llu^ 
raising of seedlings in large boxes, manuring with w<'Il decayefl farjiiyaj’d manure 
purchased from a cultivator who does not grow tobacco, and the like, were taken. 
The seed-boxes were watered a month before sowing in order to scumre fhe germina.- 
tion of any stray seed in the soil. They were sown one at a, lime ami th<i sower 
was made to wash his hands before sowing another box. 

The method of work in the present study has been to t.a.ke the number of sc!c<;« 
tions from existing types in the field, and grow them, s(‘lf"fi'r{iliz('(l, in a, seiaes of 
years. The criterion for judging the hereditary nature of any feature of a strain, 
is the constant relationship of the character in two or mor<‘. sl ra-ins in suc.cessive. 
years. This study has been undertaken in the case of folhuving <tuirac.tcrs : - - 

(1) The length, aiid greatest breadth of the leaves a, ml the leaf-.ra,tio in phint.s 

grown for seed. 

(2) The length, and greatest breadth of the leaves and tJie lesif-ratio in 

plants grown for leaf. 

(3) The number of leaves per plant. 

(4) The number of veins in a leaf. 

(5) The thickness of the leaf. 

(6) The height of the plant. 

(7) The number and size of suckers ; and their time of iippearaiicc. 

(8) The period required for flowering. 

(0) The character of the inflorescence. 

^ Howards, A. & G. L. 0. Studies in Indian Tobaccos, Mm. Dept: Anri. Indw, BvL Ber., \^o?. 

Ill, No. 1, mo. 


VALLAVBAS M. MAJMUBAR 


09 

Fim’ tliiy wtiidy, eight, strains of tobacco, to all appearances breeding true in the 
t-hiiractcrs studied, were t.aken. Three of these were of the Gmidiu variety {Nos. 1, 
1; jind 0), two of the Movadiu type (Nos. 19 and 20), two represented PiUu toltacco 
(Nos. 28 and 30) and one -was of Shengiii variety (No. 22). Selfed seed was used 
from year to year. 

The length and hreadth of (he leaves and leaf ratio in jilmits grown for sml. 

Following the methods nsed by the Howards, these characters have been st,udied 
by noting tlie absolute length and greatest breadth of a representative leaf ^ in tluj 
middle of the plants, and working out the leaf ratio for each plant by dividing the 
length, by the breadth. The measurements were taken after the inflorescence had 
apjtfuired and a few capsules were formed. The number of cases record<xl are 
giv(m ill each Tabic, 

Table VII. 

Length of leaf in various tcbacco strains grown for seed. 




1924-25 


1925-26 


1926-27 


Average 

Strain No. 

Mean 

e 

Mean 

e 

Mean 

e 

Mean g 

No. of cases 

cm. 

100 to 150 

cm. 

100 to 300 

cm. 

100 to 300 

cm. 

300 to 800 

i , . , 

49-6 

•57 

40-9 

•58 

34-3 

•60 

42-3 -6,8 

4. . 

46-6 

S2 

39-4 

•26 

36-3 

-24 

10*9 -23 

6 . . . 

45-6 

}6 

42-7 

•26 

37‘4 

•26 

42-1 -21 

19 , . . 

40-7 

29 

410 

•27 

34'0 

•25 

38-6 -21 

‘!0 . 

33-8 

32 

40-1 

•35 

31-6 

•21 

34-3 -22 


479 

34 

37-3 

•39 

36-8 

-38 

42-1 -33 

28 . 

40-4 

23 

40-4 

•23 

33-3 

•23 

40'6 -22 

,'5() . 

40-6 

26 

32-1 

•24 

29-9 

•19 

33-4 -32 


’lIoT^airra Studies in Indian Totaccos. Mem, Dept. Agri. Indian Bot. Ser., Vol. VI, No, 3, 
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Table VIII. 


Greatest breadth of leaf in various tobacco strains grown for seed. 


Straiu No. 

1924-25 

1925-26 

1926 

27 

Average 

Mean 

s 

Mean 

e 

Mean 

s 

Moan s 



cm. 


cm. 


cm. 


cm. 


No, of cases 

100 to 150 

100 to 300 

100 to 300 

300 to 800 

1 . 


24-2 

•21 

18-6 

•34 

16-2 

•28 

21*0 

•26 

4 . 


24-6 

•16 

20-1 

•15 

17‘6 

•13 

21'0 

•15 

15 . 


23-3 

•22 

19-1 

•15 

17-8 

•15 

20-1 

•15 

10 . 


20-8 

•15 

21-2 

•18 

16-8 

•12 

19-9 

13 

20 . 


19-6 

•22 

23*3 

30 

17-2 

•12 

19'6 

15 

22 . 


19-5 

19 

13-6 

15 

12-8 

•1.5 

15-8 ^ 

19 

28 . 


23-3 

10 

17-9 

13 

15 1 

•11 

18-8 

15 

30 . 


17-1 

•15 

11-8 

■12 

11-4 

•11 

134 

■13 


Table IX. 

Leaf ratio in various tobacco strains grown for seed. 


Strain No. 

1924-25 

1925-26 

1926-27 

Average 

Mean 

S' 

Mean 

s 

Mean 

e 

Mean 

s 

1 . 


1*90 

•014 

2-20 

•018 

2-19 

•017 

2-l() 

■013 

4 . 


1-86 

•007 

1-93 

•010 

1-95 

■004 

1-80 

•{»(»{; 

6 . 


1-93 

•008 

2*27 

•009 

2-08 ' 

•006 

2'00 

006 

19 . 


1-94 

•006 

1-94 

•007 

1-99 

•004 

1-95 

004 

20 a 


1-70 

•009 

1-69 

•007 

1*83 

•005 

1-74: 

005 

22 , 


1 2-47 

•014 

' 2-88 

•025 

2*85 

•009 

2-(55 

013 

.. 28 ■ 


1-98 

•009 

2-26 

•009 

2-09 

"006 

2-16 

007 

30 „ 


2*35 

•015 

2*70 

•016 

' 2-62. 

•010 

2-56 

010 
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Strain No. 

Leaf area in .sq. cm. 

Mean g 

■ 1 . 








4 






371 

121 

6 






388 

S'7 

19 






424 


20 






352 

5-7 

22 






351 

4*1 

28 






288 

6*7 

30 






335 

4'7 







228 

3-7 


2 . U^ greaust breudth of leaves and lie leaf ratio in fla,ds gro.n for leaf 

wh/oh t0PP«l and fro.- 


Table X. 

Length of the leaf in various 


Strain No. 


No. of cases 


1 

4 

6 

IS) 

20 

22 . 

28 


1924-25 

1925-26 

1 1926-27 

iU'erage 

Mean e 

Mean g 

Mean g 

Mean g 

cm. 

100 to 2{M) 

cm. 

100 to 40S) 

cm, 

KM) to 300 

cm. 

300 to 800 

41*2 •02 

43*6 -57 

41'9 -15 

42-7 

•28 

39*0 -26 

40*9 -34 

! 4)6-8 -31 

1 38-5 

•IS 

40*9 -26 

45-0 -29 

39-5 -32 

42-6 

•18 

40*5 -Sj.! 

40-0 -30 

30-8 -28 

39-8 

•18 

36*0 r28 

38-5 -34 

35-1 -25 

36-6 

■18 

45*5 *45 

40-4 -34 

39-6 *32 

41-7 

•24 

43*4 -25 

39-0 -24 

38-0 -24 

40-4 

•16 

41*2 *24 

34-3 -21 

33-3 -19 

36-9 

•17 
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Table Xl. 

(rreaiest breadth of the leaf in mri.o'nn Udmeco <}rown for haj". 




1024-25 


1025-2(5 


102(5-27 


Avura;.f(', 


Mean 

e . , 

Mean 

e 

Mean 

s 

Moan 

e ' 


No. of casoa 

cm..' 

100 to 200 

cm. 

100 to 400 

cm. 

100 to 300 

cm. 

300 to 800 

1 


20-8 

-27 

21-6 

•30 

2()-0 

•22 

21 *0 

•23 

4 


21-2 

•31 

23-{j 

•24 

20-2 

•10 

22*1 

■16 

6 


20-0 

•29 

22-7 

•10 

18-5 

■10 

21-1 

•15 

It) 


22-7 

•24 

23-4 

•21 

19'4 

•12 

22*0 

•16 

20 


22-8 

*38 

23-8 

•20 

19-2 

■10 

22-3 

■17 

22 


18-4 

•37 

14-1 

•12 

13-4 

•15 

14-4 

•12 

2S 


22-0 

*29 

17*8 

•15 

17-4 

•16 

iS‘4 

-12 

30 


17-S 

•27 

12*8 

•09 

13-1 

•11 

13-0 

■11 


Table XII. 

Leaf ratio in various tobacco strains grown for leaf. 


Stra-iii No. 

192-1 

-25 

1925- 

•26 

1920-27 


Mea.ii 

e 

Mean 


Mciiii 

C 

Mean 

G'.' ... 

1 . 

2-05 

■018 

2- 10 

•013 

2-20 

•022 

2-05 

•012 

4 . .4 . 

,1 *iSo 

•016 

1-70 

•007 

1-78 

■008 

1-82 

•OOii 

6 . 

100 

■017 

203 

■003 

2-12 

■on 

207 

■00. •> 

19 . 

l-t)0 

•012 

1-84 

■OKI 

1-9I 

•OKI 

I 1 -ss 

•00,) 

20 . 

l-{)4. 

•020 

1 66 

■008 

1-76 

■008 

t -72 

•ooi) 

22 , 

2-44 

■030 

2-!l! 

■012 

2-95 

•0(6 

2-88 

■013 

28 . 

1‘07 

•014 

2-26 

•007 

2*1 9 

•on 

2-19 

•007 

30 . 

2-25 

•027 

271 

■008 

2-54 

•on 

2-61 

•010 
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ill connection witli tliese figures, it is interesting to see the actual average area 
of tile leaf ill eaeli of tlie aliove strains as measured by the piaiiiineter in 1920-27. 
This was as i'oliows : — 


tStrain No, 

Aver.'ige leaf area, in sq. eiu. 

Mean. e 

1 








511 

12*2 

'■ ^ ' 








408 

8'3 

,0 








468 

9-3 

19 








448 

6-8 

20 








439 

i6-8 

22 








313 

6'B 

28 








423 

0-6 

30 








281 

4-2 


The biggest area is not in No. 6 in this section as is the case in the seed 
section. Film No. 30 has the smallest leaves. It will be seen generally from these 
figures that the leaves are smaller in 1926-27 than in the two previous years. In 
spite of these seasonal variations, the long-leaved types Nos. 1, 6, 22 and 4 have 
maintained their positions, while the short lea%’-ed-type No. 30 has remained the 
shortest throughout. It will be seen that the leaf ratio is more constant. The 
strain No. 20 has a low figure in each year, while No. 30 and No, 22 have a high 
leaf-ratio throughout. The constancy of this relationship indicates the hereditary 
nature of the leaf shape. 

By comparing these results with those from plants grown for seed, it will be seen 
that the relative positions of the varieties are not the same. In the plants grown 
for leaf, strain No. 1 had the largest leaf, while it stood third in the series when grown 
for seed. The types with lowest area (Nos. 30 and 22) are, however, the same in 
both the cases. The effect of topping and removing suckers on the size of the leaf 
varies considerably in different strains, the greatest result being shown in No. 1 
and the least in Nos. 6 and 22. 

5. The number of leaves per plant, 

The total number of leaves on the main stem was noted after the capsules were 
ripe, by counting from the basal leaf scar to the tip of the axis where the last leaf 
below the inflorescence on the main stem occurs. The Howards^ considered this 


loc. Git. 
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as a definitely heritable character, though the variation between tlie individuals 
in a pure typo is large in comparison with the variation between the types. They 
say that though the lieight varies greatly witli season, the average miinbi'r of heaves 
remains constant. In the investigations here recorded, however, where types 
occur with a larger number of leaves than in any case they examined, it is found 
tliat the number varies widely from season to seiison, as well as very widely from 
strain to strain. This variation is particularly marked in types with a large number 
of leaves. In seasons where, owing to climatic conditions, the leaves arc smail, the 
number tends to be high ; when the leaf size is great, the number is reduced. 

Table XIII. 


Nmiher of leaves in various tobacco strains grown for seed. 


Strain No. 

1924-25 

1925-26 

1926-27 

Average 

Mean 

e 

Mean 

e 

Mean 

s 

Mean 

e 

No. of cages 

100 to 150 

100 to 200 

100 to 3(K) 

300 to 800 

1 . . . 

27-0 

•20 

30-3 

•28 

32-6 

•24 

30*1 

•20 

4 . . . 

364 

•20 i 

1 

34-0 

-14 

38-1 

•13 

36-0 

•12 

6 . . . ! 

30-8 

•14 

31*0 

•15 

33-2 

■14 

31-5 

■OS 

19 . 

34*0 

•24 

37-0 

•15 

39-6 

•18 

37-6 

•J3 

20 . . . 

35-7 

•10 

! 37-1 

-IS 

42-1 

•16 

38-2 

•14 

22 . . . 

27-3 

•23 

28-1 

•19 

36-0 

•21 

3<)-7 

•26 

28 . . . 

28-6 

•24 

31-0 

•14 

37-1 

•21 

; 33-0 

•18 

30 . , . 

271 

•13 

28-1 

•18 

37-9 

•20 

31-5 

•21 


It will be seen that the seasonal variation in some cases is great and lUiiy ob- 
scure the hereditary differences. The increase in number of lcav<^s in the some- 
what xmfavoiirable season of 1926-27 has been very high in early ty}><^s (Nos. 
22, 28 and 30). It may be interesting to note tlie number of living leav(W at th<‘ 
time of harvest, as the power to retain the lower leaves is a very important factor 
in yield. The Strain No. 6, which has proved itself a high yieldei- when grown 
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on a large scale, lias this faculty highly developed. The recorded figures axe as 
follows ; — 

Table XIV. 

Number of living hams aiJmwest in various strains. 


Strain No. 

1924-25 

1925-26 

192G-27 

Average 

Mean 

s 

Mean 

e 

Mean 

s 

Mean 

'e ' . ■ 

No. of eases 

100 to 300 

i 

100 to 300 

100 to 300 

300 to 800 

1 . . . 

13-4 

•24 

12-G 

•21 

13-6 

•15 

12-8 

•11 

4 . . 

11-5 

•08 

12-1 

•13 

12-7 

•09 

11-9 

•06 

G . . . 

11-8 

•09 

12-4 

•10 i 

1 

14-4 

•09 

12-7 

•06 

19 . 

10-4 

•09 

12-0 

•10 

12-5 

•11 

11-6 

•07 

20 . 

12-0 

•10 

12-7 

•15 

11-9 

•10 

12-2 

•07 

22 . . . 

10-3 

•12 

13*6 

•16 

12*5 

•09 

12-4 

•09 

2S . 

10-7 

•08 

12-6 

•09 

12-0 

•09 

11*8 

•06 

30 . 

9*9 

•09 

12-7 

•09 

10-9 

•11 

IM 

•07 


It will be seen that the Qandiu types, as a whole, are able to retain the greatest 
number of living leaves. The types which are usually grown dry (Nos. 19 and 20) 
retain less leaves than the others even though irrigation is given and though they 
have the largest number of leaves produced when allowed to seed. 


4. The number of veins in the leaf. 

The number and size of the veins in a leaf are of especial importance in connec- 
tion with the growth of cigarette tobacco, where large veins and large number of 
them lower the value of the produce. On the other hand, it is of far less importance 
in the tobacco demanded locally and it is this latter demand for which these strains 
were selected. This character was noted by counting the number of the secondary 
veins arising from the mid-rib, on the right side of the representative leaf. 
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Table XV. 

Ammge numhcf of veins per leaf in various fohaceo strains, 


Avi-ra-yy, 


I GO to 300 


Tile number of veins in the leaf in each case is remarkably constant from year 
to year. The strains with many veins remain so throughout, and likewise those 
with a small number. The character is therefore clearly hereditary. 

In Gonneetiout broad leaf tobacco,^ it has been claimed that tim large size of leaf 
is correlated with large veins and rather coarse and inferior ]>n sal portions of the 
leaf. This seems to be also the case in the present strains. 

5. The thickness of the leaves. 

The author is not aware that this character has been studied by any prcnu'mis 
worker on the .subject, but in the present case, the matter seemed of importance. 
In fact, in the local market, the demand is for a '^strong ” toljacco with tliick len,ves. 
Hence the question as to wlietlier thickness of the leaves is a, hereditary clia.rac.tca* 
came to the front. 

The thickness was determined, in cured leaves, by means of a micrometer screw, 
one square iiicli of the central part of the right side of the leaf being removoni for tlie 
purpose of the determination. The portion was taken near tlie raid-rib so as not lo 
include any of the secondary veins, and was placed between two thin iron ]tla,te.s of 
known thickness for measurements. All readings were taken in hundixKlths of a 
millimetre. This method is not suitable for green leaves, as tli(?y are t.oo Cfisily 
compressed and accurate reading is difficult. A mie.roscojuc method of measui-e- 
ment was also tried, hut the sectioning of leaves, either green or cured, for the [)ur{)OS(' 
was difficult as they are liable to crack. The figures obtaimnl ari‘, given behvw : - ■ 


SImuu‘1 arid Cobey, Tobacco BieuiUiiff, 11)07. 
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Table XVI. 


AveraffB tldchmss of cuml leaves of vfmous strams. 





1924-25 

1925-20 

1920-27 

Average 



Mean e 

Mean e 

Mean e 

Mean c 







Bo 


No. of cases 

100 to 150 

100 to 200 

100 to 200 

300 to COO 

1 



8*8 -33 

11-3 '30 

10'2 '25 

9-8 -22 

4 



9-0 -26 

10*5 '20 

8-2 -19 

9-3 '13 

G 



8-9 -27 

11'4 '17 

8'4 '18 

9-4 '12 

10 



7-8 -2.3. 

ll'l '18 

6'7 '10 

8-7 -15 

20 



0-7 *22 

9-9 '10 

O'l -14 

7'5 -13 

22 



G-5 *20 

ll'G '21 

9'4 -20 

9-2 -10 

28 



8-0 -18 

10-7 *18 

10-5 '19 

9-2 'll 

30 



8-0 -21 

11-4 -IS 

9-6 *19 

9-7 -12 


These figures show that we are dealing with an extraordinarily variable charac- 
ter, as would perhaps be expected. It may generally be stated that the thick 
strains remain relatively thick, through the series of years, as in the case of numbers 
1, 28 eind 30, while No. 20 is thinnest throughout. No. 20 is recognized as the 
best for chewing on this account. The Film types (Nos. 28 and 30) are considered 
thick and valued accordingly by the local market. The case of No. 22 is peculiar ; 
it was the thinnest in 1924-25, but was thick in the succeeding two years, thereby 
bringing the average nearly similar to that of the other thick types. 

Thus, though there is strong evidence that the character is heritable, yet the very 
large variability in a single season as shown by the high standard error makes any 
conclusion somewhat uncertain. This large variation is due, of course, to environ- 
mental conditions. 

6. Height of the flants. 

The height of the plants is measured from the point where the roots begin to the 
apex of the stem, whicli in Nicotiana Tabacum ends with a capsule at ripening. 
This character is important, as the tobacco growers do not like tall types, though 
some of the very short strams seem equally objectionable. The figures obtained 
with the pure siirains are given in tlie Table. 
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Table XVII. 

Height of the plants. 


K)B 


iStrain No. 

1924-25 

1925 

-2G 

1920-27 

Average 


Mean e 

Mean z 

Moan z 

■Moan 

r. 


era. 


cm. 


ora. 


era. 


Mo, of cases 

1 150 to 800 

150 to 300 

150 to 300 

400 to GOO 

1 . 

73-3 

1*30 

G5*0 

1*02 

72*7 

1*03 j 

70*4 

•73 

4 . . . 

98-5 

0*74 

82*9 

0*76 

94*0 

0*73 

91*9 

•08 

6 . . . 

70-3 

0-71 

69*4 

0-69 

76*8 

0*58 

71*7 

*39 

19 . . . 

9G-5 

0-85 

82*5 

0*81 

97-0 

0-C4 

91*9 

•71 

20 . . . 

132-4 

0-95 

111*8 

1-19 

131*4 

1*00 

12G-2 

•71 

22 , 

105*5 

1-37 

70*7 

0*92 

85*8 

1*08 

90*4 

■99 

28 . 

128*8 

1*05 

81*7 

0*75 

91*6 

1*00 

96*6 

•94 

SO . 



103*5 

0*90 I 

65*4 

0*85 

94*6 

0*83 j 

80*5 

•74 


strains is lairly well maintained and tlie character 
may be considered as definitely hereditary. The variation within each strain is 
not very high for such a vegetative character as that under discussion. 

7. The number and size of suckers, 

state for the types examined in America that “ the non-sucherinu nh. t W , I ^ 

3‘".T? t t?'T: " — n™ : ”2 

T Ihe continned observations on this subiect liave confirmf. 1 1 1. ?! 

au.iou3a.ta..re awwi. a. 1. 

W. S. A. Ueparlmul of AyricuMre, Bwu of Plant tndudty, im, N... 90 (luo?). 
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Tablts XIX. 

T,mp. offm-tmtimi ofmchers with mrirnis stimm. Permilm)^ <;/'»«, /m rmiorrd 




1024- 

.25 

J 

1925 

.20 


1920-; 

>7 

»Si;rahj No. 

Days fr.iiu 

planting 

Day.q 

from 

pl.KJtiiij!; 

Oaj;i 

. IVoUi j 

ilaiit.iiip; 

Bftfirt'O 

80 

80 

to 

100 

100 

to 

130 

Before 

80 

SO 

to 

100 

100 

to 

130 

BoI’oi’b 

SO 

so 

to 

100 

100 

to 

130 


% 

% 

% 

% 

% 

% 

% 

% 

% 

1 . 

6 

30 

59 

8 

64 

38 

2 

43 

55 , 

4 

12 

30 

49 

35 

27 

38 

10 

34 

50 

. 6 * . 1 

7 

27 

fit) j 

17 

35 

48 


27 

73 

.19 . 

34 

Sd 

27 

44 

21 

35 

12 

34 

: 54, 

20 , 


34 

06 

23 

22 

55 

13 

30 

57 . 

22 

20 

48 

20 

33 

30 

31 

47 

29 

24 

28 . 

27 

53 

20 

42 

30 

28 

45 

31 

24 

SO . 

HI 

27 

12 

54 

25 

21 

72 

2S 


33 . 




22 










30 

4S 

14 

35 

.51 ■ ■ , 

34 . 










1 




25 

32 

r 

10 

35 

49 


suckers urise mud later tlnn i„ IT • !’i “ “ 20, 

formation bomns at a vttre i 

3. The period required for floivenny 

as “f 

oiiaractcr. All the plants were numbered and the straiius 
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were oximiiiif'il ciciilv b tlio moriiiDg, with results wliicli ar<^ given in ilic roHowirig 
tabic;-- 

Table XX. 


Fcriod fromjylmitinff to jioiming in various strums > 


Strain No. 

1924-25 

1925-26 

1926-27 

Average 

Bays 

Bays 

Bava 

l.'>ii.y,s 

Moan s 

Mean 

e 

Mean 

s 

JiTtMn 

s 

1 . 



07 

10 

92 

21 

107 

2-2 

89 

0-8 

4 . 



70 

0-7 

84 

1-1 

99 

0-9 

82 ■ 

07 

6 . 



(58 

0-G 

90 

0-9 

98 

0-8 

88 

0-7 

19 . 



87 

11 

9.3 

0-9 

106 

1-0 

97 

0-7 

20 . 



94 

1-2 

91 

1-0 

110 

OS 

97 

0-7 

S2 , 



49 

0-6 

73 

1-3 

79 

07 

09 

09 

28 . 



52 

0-5 

68 

1*0 

86 

1-0 

68 

0-S 

.30 , . 



52 

0-5 

70 

s 

1-1 

77 

BO 

08 

0-7 


Tlie seasonal differences in tlie time required for flowering are large but tlie 
types occupy very closely tbe same relative position. The Bhengiu No. 22 and Piliu 
Nos. 28 and 30 strains are consistently early in flowering, Movadiu Nos. 19 and 20 
types are late. The GauMu Nos. 1, 4 and 6 strains are variable and in the case of 
No. 1 the lateness in 1926-27 is hardly consistent with its position in the pre- 
vious years. With this exception, the relative position of the strains is vt.u’y closely 
kept in spite of the seasonal variation, showmg that the character is a hei editary 
one. 

9. Character of the in 

There are two distinct tyja’.s of inflorescence among the Oujarui varieties. In 
the. Gandiu, Kdlu, and iMovadiu, types the inflorescence is compact, the side 
])i,'aiK'hcs ))eing usually h;v('I with tiie main axis. In the Piliu- and NVuva/b/, types, 
on the contrary, the inflorescence is long and the flowers arc sparsely arranged. 
.'Vinong (iompact-licadcd varieties, there is some evidence of the taller types tending 
to have longer inflorescences than the shorter ones. This inflorescence character 
has proved to be constant from year to year. 


I 
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Fiirtlicr, tlie colour of tlie petals of the flowers has proved to l>e constant from 
year t;o year. This colour was always noted within one weelc from the o[)eniiig 
of the first flower, for it seems to vary even in a single plant, at ditl’erent parts of tlic 
The actual colour, as noted in the strains under consideration, was as 
follows - 


1. Gandm . 
4, Do. . 
6. Do. 

10. Movadiit 
20. Do. . 
22, Shcngi?i . 
28. Piliu 
30. Filin 


Colour of f!o%voi' 
petals . 

. White. 

. Piul<. 

. White. 

» Phak, 

. Doop pink. 

. Pink, 

. Light k»ink. 
, Pink. 


V. The ideal type op tobacco plant foe north Gujarat. 

In the following discussion it must at once be stated that, in considering the 
question of the ideal t 5 q)e of tobacco for cultivation in North Gujarat, tlie demand 
for the local market has been solely in view. If the cigarette demand or the foreign 
demand was the main object, then a different series of characters would prol>ably 
be wanted. 

But in any case, the question of uniformity will always be of greatest importance, 
the best results will only be obtained when a pure bred strain is used. 
Further, the yield must be high and not very variable from year to year. 


SealUng charactefs. 

During the seedling stage of the tobacco in the Kaira District, there is a great 
liability to heavy and continuous falls of rain. Under these circumstances, in spite 
of every care, there is generally a great mortality among seedlings. The types 
selected have been found to vary very largely in their susceptibility to tliose un- 
fay ourable conditions, and the ideal tobacco wmiild be one in which tluj mortality 
at this stage is low. Unfortunately, the most generally useful among the solcc.tions 
now multiplied for wide cultivation {Gandiu No. 6) is rather weak in this .restxiot. 

The seedlings must stand transplanting well, which is not the case with some 
of the foreign types, (such as “ white Burley”), which are, hence, not suitable for 
cultivation in Gujarat. 

Plant characters. 

1, Height. The tobac.co growers of Nortli Gujjirat have a gi-(.>at prejiidi<;e, against 
rapidly at the beginning, as it is said to give a lower <}uaJit,y of 
arly growth also makes intercultnre easy. A tall plant is not 
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2. Production, of siichers. It is very important that the production of siicikers 
sliould. commence late, and that suckers should be few in number, as this mate- 
rially afiects the cost of growing. The difference between the plants in the same 
held, with the mixed crop usually grown is very great, and this is reflected in 
the pure selections made in the course of the present work. In the favourite type 
Gandiu No. 6, for instance, the average number per plant when grown on a large 
scale in 192C-27 was 17*1, while the local Gamliit gave 28 suckers per plant, and 
the former commenced sucker formation two wrecks later than the latter. The 
Shengiu No. 22, likewise, gave 19*2 suckers per plant, while the local BJiengiu gave 
27*9 per plant. 

3. Behaviour under irrigation. A plant suitable for North Gujarat must he 
capable of growing well either dry or with irrigation, as the same variety is used 
for both purposes. 

4. Behaviour under manure and cuIMvatdon. A plant suitable for North Gujarat 
must be capable of growing well under different modes of cultivation and with differ- 
ent doses of manure, as these two items vary much from field to field. For 
instance, our favourite No. 6 responds very well to the varying doses of manure 
and the different spacings, under which it is grown, while it is not so with any of the 
local varieties grown in the Kaira District. 

Leaf characters. 

1. Size of leaves. The leaves should be large. The yield at harvest depends 
on the weight of each leaf, combined with the number of living leaves at harvest. 
The weight per leaf depends on its area, the number of veins in it, and its thickness. 
The success of some of the selected types has been at least due to the large size of 
the leaves. Thus the typical leaf of Gandiu No. 6 has an area (1926-27) of 446 
sq. cm., while the ordinary Gandiu local type lias only an area of 390 sq. cm. 
Movadiu No. 20 has an average leaf area, of a tjqfical leaf, of 373 sq. cm. (1926-27), 
while the local crop of the same variety show’-ed only 305 sq. cm, 

2. Veins in the leaves. It is clear that a large number of veins, and bigger 
veins, means heavier leaves, and hence types which have these, are very much liked 
by tobacco growers. The buyers for the local market have no objection to this 
though, of course, it would be fatal for the foreigu market. Gandiu No. 6 is charac- 
terised by large veins in the leaf, and this is one of the characters that make it 
popular, 

3. Thickness of leaves. For local Gonsumption, the growers and the coiisiimers 
both prefer a thicls: leaf, and the thicker it is, the better it is liked for smoking. Gan- 
diu No. 6 and Piliu No. 30 are the thickest leaved types and are much prized for 
smoking purposes. Gandiu No. 6, the most popiilar type, is not exceptionally thick, 
but is counted as “ strong”. 

i. Bhafe of the leaves. There is no definite, preference for a leaf of particular 
shape. Each variety has its leaf shape, to which it is expected to conform. Piliu 
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fypey, for iutstanco, are expected to have a somewhat narrow lEiperiiig shape, while 
(hniHu types are expected to have broader and bigg('r loaves. 

Characiers of the cured 'products. 

Tlio cured leaf, for local use, should have a uniform yellow ish o-olour with hrnw u~ 
isli golden-yellow spots. This is found in Gandiu No. f», and (‘xiromely w(‘,]l de- 
veloped in Filiu No, 30. In tobacco for chewing, the softness of tlie leaf fihiv, h 
specially wanted : this is found in Movudi-ii No. 20. 

VT. Description of certain strains prom K aira District. 

Nearly all the previous attempts at improving the rpiality of the tobacco grown 
in Northern Gujarat have had for their object the production of an export tobai'co, 
and the method, generally adopted, had been the trial of iinport<?d seeds of liigdi 
quality and tlic modification of the curing juooess so as to give a leal which would 
imitate the production of America. The residt of emh'avonrs in this dived ion, 
has, however, been small. In 1922 a ne,w line was taken up, and the ])asis {>f work, 
since that time, lias been primarily the improvement of the /oc(d lohae-eo bolli in 
yield and quality. The strains to he described in the present Section repres(mt 
selections from the local types obtained as a result of this policy, and they embody 
the typical characters of the best examples of these local tobaccos. 

The characteristics which mark out the Gujarat varieties of Nicot'ianti Tuhacum 
have been indicated earlier in the present paper. But in each of the varieties tliere 
is a wide variation, in the actual types under cultivation, in the cropping power 
and in other characters which are of direct or indirect agricultairal anti economic 
importance. This variation is clearly causetl, to a large extent, by mixture and 
crossing of pure types, and this mixed character very markedly affects the evenness 
of the quality of the leaf put on the market. In no crop, pcrliaps, is this eveim(',ss 
of inoi’e importance than in tobacco, and it was felt that the isolation, main(.ena.ne.t!, 
and spreading of a pure typo, giving leaf of mu<;h more (won qunlil.y, would ibsoif 
be a great; step in advance. Womo of t h(‘- strains isolated and mainlalnetl as a, result, 
of this policy have given very mucli more uniform as well as heMor market fobjiceo 
and have considerably incr('as(Ml the productive power of the laud. 

It; is proposed to describe. («iglit such straiiis, on the. basis of iiin'e years' 
cultivation in pure line. Three, of these are of (ho Gaudiu variet.y (Nos, i, 4 and <1), 
two of the Movadiu variety (Nos. 19 and 20), two of the. va.j.’ie(,y (Nos. 2.S 
and 30) and one of the /S7iew//'m variety (No. 22). 

GANinu No. I. 

This strain is derived from a selection made originally in I 922 - 2 ' 5 , large, -ma' 
of leaf, great vigour, and small number of suckers. Tho. progeiiy of the s<‘lec.f,ed 
plant varied in 1923-24, but from 1924-25, the seed secured from selfed plants lias 
been uniform, and has bred absolutely true since then. 
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The fiver.‘-igc length of tlie tyjjical leaf and the leaf ratio, in plants. grcwh for 
seed, were 42*3 ern. and 2‘10 and in those grcwn for leaf they were 42*7 cm. and 
2*05 rcsjjectively. The area c»f the leaf was, in 1926-27, 371 sq. cm. in plants for seed, 
and 51 1 S(|. can. in tliose for leaf. Thus the leaf area was the greatest in all the selec- 
tions made. The ratic oi the tctul length of the leaf tc tlie distance from the point 
of greatest width to the tip (which indicates the shape of the leaf) was 2*34 in 
1936-27. In other words, the greatest width was nearly .at the middle of the 
leaf. 

The loaves are darker than in Gandiu No. 4 and are similar to those in No. 6. 
The surface is less puckered than in strain No. 4. The average nnmher cf leaves, 
produced p(jr phint allowed to seed, w'us 30*1. Tlie nnmher of living leaves at 
harvest, wlien tlie pla,nts were nipped leaving 16 leaves per plant, was 12*8. The 
avun’iige leaf tliickness, as measured by a micrometer screw, in the cured leaf, was 
*098 mm. It will be seen that the leaf was the thickest of all the selections. 

The plant is short, the height being 70*4 cm. The suckers are few, though 
the number is greater and the suckers are larger than those in Gandiu No, 6. The 
average number of suckers removed was 23*6 per plant. 

This is the latest flo-wering among Gcmdiii types, the period, from planting to 
■flowering being 89 days. The flowers are white with a tinge of pink and the in- 
florescence is compact. The yield of the type is low as the following figures, from 
single test plots of is acre with irrigation, show : — 

lb. 

1924-25 . . . . . . . .. . . . . 18-2 

1926-26 . . . . . . . . . . . . 20*8 

1926-27 . . . 17'4 

The cause of low yield, in comparison with Gandiu Nos. 4 or 6, is n^^^erltdod. 
It has been maintained as a type similar to No. 6, possibly siiitablc^j^^rossing to 
get great vigour in the first generation of the cross. 115 ! 

Gaudid No. i . 

In 1922-23 this strain was picked out for purification and maintenance ox*a.ceoii^t7' 
of the thickness and texture of the leaves. The progeny varied much in 
but since 1924-25 it has been constant in character under self-fertilization. Its 
characters are as follows .*—- 

The average length of the typical leaf, and the leaf-ratio, in plants giwn for 
seed, were 40*9 cm. and 1*89, and in plants grown for leaf they ’vvere 38*5 cm. and 
1*82 respectively. The area of the leaf was, in 1926-27, 388 sq. cm. in plants grown 
for seed and 468 sq. cm. in plants for leaf. The ratio of the total length of the leaf 
to the distance from the point of greatest width to the tip (which indicates the shape 
of the leaf) was 2*57 in 1926-27. This means that the widest part of the leaf w^as 
nearest the tip. Though the hiaf is broad, the area is not very large on this 
account. 
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The surface of tlie leaf is very markedly piickei’eil. The averayt' tuimher oi 
leaves produced per ])lajit allowed to seed wa,s IKJ-O, (Jie munbc-r oi livluy lc;ivcs at 
harvest, when the plants were nip]»ed leavin<Jt 1(5 lea,v(!.s ]hm’ plant, u:i,s i i“U. 'rhus 
though the plant produces many leaves, it gives a cro}) of on.l,y a fi‘W h'-a,ves. 

The average leaf thickness, as measured by a micrometer si;rcw, in tlie cured h-af 
was -093 mrn. Thus it is thinner thAii Gmidiu No. 1. 

This type is the tallest among the Gandiu selections, the average ludglit being 
9r9 cm. The suckers produced per plant are large in numher, inaiving it an ex- 
pensive type to grow, and they arise (iarlier tliaxi in the other selected strains of 
Gandiu. The average number is 3.2 *5 per plant. 

{3n the whole, it is rather early flowering typo, among the Gmxliu seh'etions, 
the period from planting to flowering being 82 days. The iidioreseenc'e is com pant 
hut the axis is long. The colour of the petals is pink. 

The yield of the type wa,s as hdlows (Mi singh', test ]thfls of aeiv under iniga- 
tion : — 

lb. 

1924-25 ,19*5 

192.5-26 ... . 21*9 

1926-27 . 16*7 

Thus the yield is high in a dry year (192^-2(5), while it yields badly in a, year of 
heavy rainfall. It has l)een maintained as a somewiuit infeihn' t^’pe of Gtvndin for 
cultivation. 

GtAnbiu No. 6. 

In the same year as the selections previously described were niad(‘ (1922--2i{), 
the parent of the jnesont strain was lucktsl out on account (hf f.he large sixt' of its 
leaves, tlieir dark colour and the peculiar way in which they droop wiien ripe. From 
192d-25, the plants secured from s(‘lfed sc'ed were uniform, and it ha,s bred tnn^ 
since that time. 

The average length of the typical leaf and tlie leaf-ratio, in planf:s grown for 
seed, were 42T cm. and 2'00 ; and in plants grown for leaf, fJu^y wi're ‘12’G em. a,nd 
2'07 respectively. The area of the half was, in 192(5-27, 424 sq. cm. in ])lants grown 
•for seed and 4G8 sq. cm. in plants grown for leaf. Tlie h'af is almost us ])ig as that in 
Gemdiu No, 1, 

The ratio of the total length of the leaf to the distance from the point of greatest- 
width to the tip was 2'42 in 1926-27. Thus the point of the greatest widtii was a 
little above the middle of the leaf. 

The colour of the leaves was attractively dark-green, but the snrfucu^ is less 
puckered than that in Gandiu No. 4. The average number oi! ](ia.v{‘.K jiroiiiuKsI, ]K'.r 
plant allowed to seed, was 31‘5. Though this mimlx'.r is smsdi a,s conijuirisl to 
other selections, the number of living leaves at harvest, when the pla-nts weri' ni]»p('d 
leaving 16 leaves per plant, was 12*7, nearly one leaf per j[)lant morf? <iver Mmsc 
obtained in (jfwc/w No, 4. 
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Tlie average tliiokness of leaf, as measured by the micrometer screw, in the 
cured leaf was -093 mm. ; the variation in this character from year to year was 
high, but the leaf is considered good, while it is “ strong ” for smoking. 

This type is, on the whole, short, the average height being 7T7 cm. The number 
of suckers produced per plant is low, they form late in life of the plant, and they are 
small. The average number of suckers removed per plant was 22'8, and this means 
a distinct saving in expense. 

The period from planting to flowering was 88 days. It is thus an average flower- 
ing type among the Gancliu strains. It is somewhat late at maturity. It has 
a characteristic, compact, short inflorescence, while the capsules are shorter and 
broader than in most of the local tj^pes. The colour of the petals is white, with a 
pinkish tinge. 

The yield of the type was as follows on single test plots of -gV acre under irriga- 
tion : — 


1924-26 . . " . . . 10-3 

1926-26 22-4 

1926-27 18-8 

The average yield is high, and trials on a large scale have shown it to be, on the 
wliole, the best yielding of the tobacco strains. Moreover, this type is somewhat 
frost resistant, that is, at the time of frost, the upper two or three leaves only out 
of the sixteen per plant are damaged, while in case of other strains and the local 
varieties, almost all the leaves are damaged by frost. This is a great quality 
in tobacco meant for Gujarat where the occurrence of cold spells is once in about 
five years. 

It is maintained as being the best type hitherto found among Oandiu tobaccos, 
It has high yield, is cheap to grow and is frost-resistant. It is also preferred by 
consumers as it is strong. The cured leaf has better developed and finer golden 
yellow spots than the local tobacco. It is now grown widely in the Kaira District. 

Movadiu No, 19. 

The history of this selection is similar to that of those already described. It was 
selected chiefly on accoimt of its low habit of growth. It has been uniform since 
1924-25 and bred true to type. 

The average length of the typical leaf and the leaf -ratio were 38 ‘6 cm. and 
i'95 in plants grown for seed, and 39‘8 cm, and 1’88 in plants grown for leaf. The 
leaf ratio was always under 2’0, which indicated the broad leaf characteristic of the 
variety. The ratio of the total length of the leaf to the distance from the greatest 
width to the tip was 2‘M in 1926-27. Thus the greatest width was nearly at the 
middle of the leaf. The area of typical leaf was, in 1926-27, 352 sq. cm. in case of 
plants for seed, and 448 sq. cm, in case of plants for leaf. 
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The average leaf thickness, as measured by the micrometer screw, in the cured 
leaf was -076 mm. The leaf in this strain is," therefore, thinner than in any other 
Gujarat selections. Moreover, the number of the veins in a leaf is 11-4, which is also 
low. Due to these causes, it is not looked upon with favour by the buyers, while 
the tobacco is considered mild. 

This type is tallest among the selections made from Gujarat tobacco. The 
average height of the plants was r26*2 cm. In the early stages, it does not appear 
tall, but later on it shoots up and overtops all other types. The number of suckers 
produced per plant is large, though not so large as in Movadiu No. 19, but owing 
to the slow early growth of the plants, sucker production commences later by about 
a fortnight than in that strain. This is a distinct advantage in the matter of ex- 
pense. The total average number of suckers was 31'0 per plant. The period 
from planting to flowering was 97 days. It is, as a matter of fact, the latest in 
flowering of all the selected types. It is also late in maturing. The inflorescence 
is compact though on long branches. The colour of petals is deej> pink. 

The yield of the cured loof as tested on single plots of sV acre under irrigation 
was as follows ; — 


1924 - 26 . 16-0 

1925 - 56 18*7 

1926 - 27 14*6 


The Movadiu tobaccos are generally grown dry, and when this strain is grown 
dry, in its own locality, it yields very well and better than No. 19. It is, in fact, 
replacing the local Movadm tobaccos. It has the special quality that the veins 
of the leaf have soft fibre, and hence the leaf is particularly suitable for chewing. 
It is maintained because of the demand for this type in the Thasra Taliika (Kaira 
District) and. for the interest of the extremely broad leaves, the tallness of the plant, 
the most deeply pink coloured petals, and the late production of suckers. 


Shengiu No. 22. 

This was another selection made in 1922-23 from the second variety grown with- 
out iiM'igation, in the Thasra Taluka of the Kaira District. The progeny of 
1923-24 was variable. One type was found in 1924-26 with desirable characters 
which has bred true since then. This is Shengiu No. 22. 

The average length, of the typical leaf and the leaf-ratio was 42‘1 cm. and 2'66 
ill plants grown for seed, and 4T7 cm. and 2 "88 in plants grown for leaf. The 
average area of the leaf wa.s, in 1926-27, 288 sq. cm. in plants grown for seed and 
313 sq. cm. in plants grown for leaf. The ratio of the total length of the leaf to the 
distance from the point of the greatest width to the tip was 2-26, that is to say, 
the greatest width was nearly at the centre of the leaf. 
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The average niimher of leaves produced per plant kept for seed was 30'7. The 
iiiimber is low for this small-leaved type. The number of living leaves ,‘i( h:n-\'('s,t 
wlieii the crop is grown for leaf, keeping 16 leaves per plant at nipping, Avas 
The thickness of the leaves, as measured by a micrometer screw, in the c.urtMi leal 
was '092 mm. This is more than the usual thickness of the leaves of this si raiii. 
The average number of veins in a leaf was 10'9. The plants of this typo a.i'o usually 
fairly tall, but the height is very much affected by the weather condition in sumo 
seasons, as in 1925-26 when the rain was deficient. The average height of tin; 
plants AvavS 90 '4 cm. The number of suckers produced per plant is 2 9 '4 about 
the average for Gujarat types. The period from planting to flowering Avas 69 days. 
It is one of the earliest flowering types, and approaches Piliu No. 30, described 
later. The inflorescence is long and somewhat sparse and the colour of the petals 
is pink. It comes to maturity early, and the yield of the cured leaf, as found in 
single test plots of ^1; acre, under irrigation, was as follows : — 

Ib. 


1924 - 25 . 16-0 

1925 - 26 14-9 

1926 - 27 14-2 


The yield is thus lower, under irrigation, than those strains previously desoribesd, 
but as a very early tobacco, grown dry, it has many advantages, and it is rapidly 
replacing the mixture of Shewjm Types hitherto usually grown. The colour of the 
finished product is, however, poor. 


Piliu No. 28. 

This type, Avas selected from a field of the PiUu tobacco in 1922-23. It was 
uniform in 1924-25 and has bred true since that time. 

The average length of the typical leaf and the leaf -ratio in phints grown for 
seed was 40'6 cm. and 2'16 and in those grown for leaf 40'4 cm. and 2'19. The leaf 
is thus rather broader than is usual in Piliu types. Also the narro w portion at the 
base of the leaf is not so long as is usual Avith strains of Piliu. The area of the leaf 
was, in 1926-27, 335 sq. cm. in plants grown for seed and 423 sq. cm. in plants 
grown for leaf. It occupies the intermediate position, in size of tlie leaf, between 
Gandiu and Piliu tobaccos. The ratio of the total length of the leaf to the distance 
from the Avidest part of the leaf to the tip was 2'18, in 1926-27, that is to say, the 
greatest width is quite at the centre. 

The average number of leaves produced per plant kept for sta'.d wns .‘t'kO, i,hc 
number of living leaves at harvest in plants kept for atid tiipiK.-d keeping i6 
leaves per plant, was only 11-8 per plant. The thickmsss of the lea.ves a,s jnea,snr(;d 
by a micrometer screw, in the cured leaf, was ■092 mm. Ttuis tlie leaves an', 
thick. The number of veins in a leaf is lO'S, and they are not very prominent. 
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Tlie plants of tliis type are usually tall, tlie average height being 96-6 cm. 
The number of suckers produced per plant is 30’6 about the average of the types 
considered here. 

The period from planting to flowering was 68 days on the average. It is one 
of the early types, but not so early as Shengiu No. 22 or Pilin. No, 30. It is the 
only big leaved early type which it has been possible to isolate. 

The yield of the cured leaf, as tested in single plots of acre, under irrigation, 
was as follows:— 


lb. 

1924 - 25 . . , ... . . . . . . 14-5 

1925 - 26 . . ... . . , ... . 14-1 

1926 - 27 . . . 15-0 


Thus the yield is higher than that in Piliu No. 30 described later and is 
almost the same as that of Shengiu No. 22. The leaves give a product of a good 
colour and are thick. This strain is in fact replacing local mixed Piliu tobacco, 
with the advantage of large leaves and hence higher yield. 

Piliu No. 30. 

This strain, which is a typical Piliu tobacco, was selected from a field of the 
crop of 1922-23, chiefly on account of the small liner leaves and rather dwarf habit 
of growth. It was found to be uniform two years later, and has bred true since 
that time. 

The average length of typical leaf and the leaf -ratio, in plants grown for seed, 
were 33*4 cm. and 2*56, and in plants grown for leaf, 36*9 cm. .and 2*61. Thus 
the leaves are very narrow. The area of the leaf was, in 1 926-27, 228 sq . cm. in plants 
grown for seed, and 281 sq. cm. in plants grown for leaf. Thus the leaf is small, 
the smallest among the selections, and has only half the area of the large-leaved 
Oandiu types. The thickness of the leaves, as mea,sured by a micrometer screw, 
in the cured leaf was *097 mm. Hence the leaves are very thick. They have the 
smallest number of veins, viz.^ 10*0 per leaf. 

The ratio of the total length of the leaf to the distance from the widest part 
of the leaf to the tip was 2*15, that is to say, the greatest width was just cat the 
centre. The average number of leaves produced per plant kept for seed was 31*5. 
The number of living leaves at harvest, in jflants kept for leaf and nipped keeping 
16 leaves per plant, was 11*1, The latter number is lower than in any other type. 

The plants are tail, the average height being 86*5 cm. The number of suckers 
produced per plant is 22-4. It is below the average but their formation begins very 
early, earlier fcxian, in any other strain. The period from planting to flowering was 
68 days. It is thus the earliest flowering typ)e. It is also the earliest .maturing 
type, earlier than Gandiu No. 6 by no less than six weeks. The inflorescence i§ 
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long and very sparse, some ol tlie flowering branches being longer than the main 
axis. The seed capsules are small, narrow and long and have few seeds. The 

flower petals are pink, ... 

The yield of the cured leaf found in single test plots of iw're, under irrigation, 

was as under : — 

11 ). 


1924-26 

1926-26 

1926-27 


16-8 

12-8 

9-6 


The yield is thus the lowest among the selections. Its importance lies in its 
exceptionally good quality for the local market. It is considered the thickest in 
point of leaf and strongest for smoking. The cured prodnct has a very imiform 
golden yellow colour with fine spots. It is maintained on account of these fine 
quality characters. 


VII. Improvements. 

The eight strains derived from tobaccos grown in the Kaira. district, which, have 
now been described, may be taken as typical of the planls uiuler cultivation in tluit 
area. Out of these eight strains, three have alnuidy heen osta;blished in large- 
scale cultivation, chiefly on accoimt of their supei'inr yield to the corresponding 
mixture of types already in cultivation, but also in the case of at least of Gandiu 
No. 6 on arccoimt of its greater market value. 

As regards the increased yield, records taken from hirgo scale cidtivation may be 
given, to indicate the extent to which the amount of product has been augmented. 
gohiAhave been obtained on the Tobacco Research Btation, Nadiad, otliers are 
from cultivators’ fields. 

' ' ' Gandiu No. 6. 


(1) Crop at Tobacco Research Station, Nadiad. 


— 

Weight of cueed tobacco vmi J 

ACRE 

^ 1924-25 

1926-20 

1926-27 

Average 


lb. ' 

lb. 

lb. 

lb. 

Gandm, No. 0 . . . . 

38-5 

40-S 

36-6 

38-3 

Gandiu local . . • • 

33-7 

35-6 

304i 

33-3 


Increase in yield ever the lQoal= 16 per cent, 



Field of local tobacco. 







Weight of cured tobacco 

PER ACRE 


192a-2G 

1926-27 

Average 


lb. 

lb. 

ib. 

Gandiu No. 0 , 

.1,212 

1,167 

1,189 

Loeal seed 

885 

90S 

894 


Increase in yield over the local==33 per cent. 


The area imder No. 6, as recorded in these tests, was 15 acres in 1925-26 and; 
6-| acres in 1926-27. 

Movadiu No. 20. 

(1) Crop at Tobacco Research Station, Nadiad. 


WSIGHT OF CURED TOBACCO PEE A; ACES 


1924-25 

1925-26 

1926-27 

Average 

lb. 

lb. 

lb. 

lb. 

Jfow*:?/. No. 20 ..... -36-4 

33' 4 

25-G 

31-7 

Local seed . . ... 32-4 

32-5 

23 7 

29-5 


Increase in yield over the local— S per cent. 
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(2) Crop raised by tobaoco growers of Thasra Takiha. 



Increase in yield over the local- -15 per cent. 


(2) Crop raised hy tobacco grotvers of Thasra T alula. 




VALLAVDAS M. MAJMUDAR 


125 


Tte area under Ho. 22, as recorded in these tests, was I'O acre in 1924-25^ and 
:2'0 acres in 1925-26. Here the tobacco was grown without irrigation. 

It will thus be seen that several of the strains isolated from the local tobaccos 
have given consistently larger yields of the cured leaf, both on the Experimeatal 
■Station and in the fields of tobacco growers. Taken in conjunction with the fact 
that a more even produce is secured, this furnishes a reason why each of the three 
recorded above {Q-midiu Ho. 6, Movadm Ho. 20 and Slmigiu Ho. 22) is spreading 
aapidly in its appropriate area. 
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I. Introduction. 

Sesamum is an annual plant cultivated throughout the tropical regions of the 
globe for the oil obtained from its seeds. 

The diversity of names^ clearly shows that its cultivation in Asia dates from a 
very early epoch. In Sanskrit it is called tila, in Chinese w.oa, in Japanese koba, 
in Malay widju. The name sesam is common to Greek, Latin, and Arabic, with 
trifling variations of letter. 

The botanical evidence alone might lead to the supposition that Sesamum is 
originally a native of Africa, in which continent there are some eight or nine truly 
wild forms, and where the present species is known to have been cultivated from 
remote times. De Candolle ^ is of opinion that, though Sesamum has not hitherto 
been recorded as found wild in any of the warmer tracts of Central Asia, it is culti- 
vated everywhere in the Himalayas, in Afghanistan, Persia, Arabia and Egypt. 
If not originally native of the warm temperate tracts of India, it was probably 
brought to India before it found its way to Egypt and Europe. In the Ain-Akbari 
(1590) frequent reference is, however, made to both black and white seeded forms so 
that there is abundant evidence for its having been an important crop in India for 
at least the past 300 years. 

In India, however, it may be described, as a crop of the warm temperate, or 
sub-tropical tracts, being grown as an autumn or winter crop in the warmer parts, 
and as a summer one, in the colder districts. 

^ De Candolle, Origin of cultivated plants, 1904, p. 420. 

® Watt, Commercial Products of India, 1908, p. 982. 
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Statement showing the cwemge annual area and the outturn per a, ere of sesammn m 
British India h 


; :.ii; , Province 

Average 
area in 
acres 

Outturn 
per acre 
in lb. 

i.ij* i Burma • • 

1,050,480 

225 

ji . 

737,918 

300 

' 

534,000 

225 

{!' 

' Bombay . • 

925,997 

400 

(|t ! United Provinces ........ 

223,180 

280 

Bihar and Orissa 

205,800 


Bengal . . . 

157,140 

600 

jl'. J, Punjab . , ■ 

119,093 


1' !■ . ■. 

! V: > Ajmer-Mei'wara 

22,235 


r 

1 Assam . 

19,595 

460 

( j : A N. W. P. Provinces .......... 

3,177 


Ooorg . 

160 


' ' Delhi . . . . . . . . . ■ . 

80 

300 


The figures in the above statement show that the total average annual area, in 
rhis crop is over three million acres and the outturn per acre ranges from 225 to 
6001b. 


The relative importance of the provinces in the production of the cro]i is shown 
in the above statement. Burma is the largest grower with 31 ’6 per cent, of the total 
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Lower Chindwin. Madras grows 22*2 per cent.; the largest areas being at Godavari, 
Vizagapatam and North Arcot. Central Provinces grows 16*2 per cent., mostly 
in Sambalpore, Eaipur and Jubbuipore districts. About 6 to 7 per cent, of the 
total area is contributed by each of the provinces of Bombay, United Provinces, 
and Bihar and Orissa. 


Total quantities and value of sesatnuni oil a,nd, seeds exjioHed from. British India.^ 


Quantity 

1923 

1924 

1925 

1926 

1927 

Annual 
average 
value of 
export 
in rupees 

Oil— 







Cwt 

4,940 

6,890 

5,775 

5,0.52 

4,140 


Gallons 

55,299 

71,161 

62,691 

56,582 

46,361 


Value in Rs. 

1.60,063 

2,00,432 

1,79,384 

1,75,276 

1,61,521 

1,76,335 

Seeds — 







Tons .... 

554 

552 

309 

214 

310 


Value in Rs. . . j 

1,65,862 

1,75,895 

87,936 

62,698 

91,161 

1,16,710 


Total Rs. 2,92,045 


It is clear from the last two statements that most of the Sesanium grown is 
consumed in the country itself, and nearly three hundred thousand rupees worth is 
exported annually in the form of oil and seeds. Most of it goes to Arabian Gulf 
ports, D’Jibouti, Obohh and Independent Somali ports. 

The foregoing returns show that the crop value, if calculated at the lowest yield 
of 200 lb. per acre and at an average price of Es. 10 per 82 lb., amounts to over 8 
crores of rupees. Thus, Sesamum plays an important part in the agriculture of 
India and is an article of considerable value in the export trade as well. 

Although the crop has been so widely distributed and cultivated more or less all 
over the country from time immemorial, it appears that, no attempts have ever 
been made to isolate the existing unit species of which the present crop is composed. 
In order to accomplish this, a collection of mixed samples of seeds from all over India 
and Burma was made in 1925. The various samples were sown at Pnsa, and a large 
number of single plants from each were selected and selfed. The process of selhng, 


^ Annual Statement of the Sea-borne Trade of British India, 1927, Vol. II, pp, 826, 834. 
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and of eliminating the heterozygotes was eontimied for several yeai’S. The imit 
species breeding true were then studied and classified and this work forms the subjee.t 
matter of the present paper. 

The continuous bagging and selling of plants did not produce any falling oh in 
plant vigour. 

Localities from which original samples of seeds were obtained and the types 
isolated from them, were as follows : — 


Province 

Locality 

Ty])es isolated at 
Pusa 

Eoinhay 

Sukkiir . 

1, 


Alnnedabitd . 

2, 17, 21. ' 


PiineluiiaJialH 

S). 


lloshiarpvir . 

«i. 

United ProviueeH . . . . . . . 

Aligarh . 

7. 


Fyzahad 

28, 29. 

Bengal . . . . . . , . 

Pabna . 

20. 


Faridpur 

18. 


Murabidabad . 

f). 


Nadia . 

20. 

Central Provinces . 

Saugor . 

27. 


Cbindwara 

10. 

Assam - 

Surma Valley ♦ 

2f). 

Madras . » 

Bobbili-Viiiiagapatam 

10. 


Cbieocolo-Ganjam . 

15. 


Vizianagram . 

10. 

Bnrina . . , , .... 

Meiktila 

4. 


Laylimaidigwa 

12, 22. 


Poseingyi 

20. 


Semapan 

11, 14, 24. 


Mandalay 

12. 


Sbakafe 

8. 


Allanmyo 

22. 




Tke rclatton betoeen the roM and shoot dovelopmonts in early and late types. 

Type29.lMe. TypeS.^ly. 




11. General Biology. 


1. Root System. 


Remarkable differences in the root systems of early and late types of Sesamum, 
have been observed. The early types generally grow more rapidly than the late 
ones, but are poorly branched and possess a poor root system. The main root 
goes about 3 feet deep and bears a few secondary and tertiary roots. The late types 
grow comparatively slowly, but are profusely branched and possess a stronger root 
system. The main root goes more than three feet deep and bears an enormous 
number of secondary and tertiary roots close to the surface. There is a definite 
correlation between the root and shoot development. These points are well illus- 
trated in the original root drawings in Plate I. 

Variation in the root systems of unit species has been studied in the case of some 
other crops, that is, linseed {Limmi usitatissimmn L.),^ lentils {Ervtmi lens L.),^ 
and hliesaf i (Vida sativa L.).® In all these crops it was found that the deep-rooted 
types were endemic in Peninsular India and that this type of root was characteristic 
of the black cotton soils of this area. In the case, of Sesamum, this division of the 
unit species into deep-rooted and shallow-rooted tj^pes is not diagnostic of the dis- 
tinction between types native to Peninsular India and to the alluvium. 

The root formation of all the early types whether they are native to the Gangetic 
alluvium, Peninsular India or Burma is practically the same as that of Type 3 
(Plate I), and the root formation of nearly all the late types is similar to that of 
Type 29 (Plate I) ; whereas the root systems of types which are medium in 
maturity are intermediate between the first two forms. The following Table shows 
the geographical distribution of early, late and intermediate types. 



Types 



Province 

Early 

Medium 


. .La 

te 

Bombay . 

Burma . . . . . . 

1, 3, 9 . 

4, 8, 11, 13, 14, 
20, 22, 2.3, 24. 

2, 21. 

12 . 




United Provinces . . . . . . 

Punjab 

Madras ........ 

Bengal ' . . . . . . . . 

Assam 

t'entral Provinces . . . . . 

-7 

6 . . . 

15,19 . . 

16 !' 
18,26 ■ 

10, 27’ 


28, 29. 

17 

5, so!* 

'2.1 , 


d, and A. R. Khan. Mem. Dept. Agn. India, Bol. ber.,\oi. Xll, No. 4, 1924. 
and R. D. Bose. Mem. Dept. Agri. India, Bot.Ser., Vol XVI, No. 0, 1928. 
d, and A. R. Khan. Mem. Dept. .Agri. India, Bol. Ser ■, Vol. XV, No. 2, 1928, 
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In India the crop is grown in many different types of soil, from tlie poorest sandy 
soils to tlie ricliest clayey lands. Tke crop does not require nrncli eare or Ijeavy 
manuring. It is generally classed as a monsoon crop inii. in Madras wln-re the soils 

I are sandy it is sown in May-June, provided rains are sulli<!i('nt. As laaivy rains are 

detrimental to tlie well-being of the crop, in Dacca, Mastt'rn Mcngal and ilinnia, 
! ‘ where the soils are retentive of moisture, the early varieties are sown as earl}' hot 

: weather crops. In Central Provinces and Bombay, on black cotton soil, it is sown 

as an autumn or early cold weather crop. 

Flowering. 

The flowers are borne in racemes, either solitar}^ or fascicled 2-3 togeilier, in 
acropetal succession on short pedicels, in the axils of the n jipcr leaves. When borne 
singly, the two rudimentary buds in the axil remain uiideve]o])ed. 
i .::i Usually 1 to 2 flow'ers open at the same time on any oiu' inflorescence, while 

i ! in types with three flowers in the axil, about 3 to 4 flowers {q)cn at a time. The 

early varieties start flowering about 4 weeks after sowing, wbiie tlm laie ones liegin 
to flower a fortnight later than the earlier varieties. On a hriglit clear day the 
I :i flowers of early types open at about 6 to 6 a.m. and fade soon after midday, the 

1 ^ corolla being shed without closing in the afternoon. But the flowers of the late 

I ! I types open at about 5 to 7 a.m. in the morning, the corolla being shed without clos- 

I I ing late in the evening. 

I i In September and October 1929 the following observations were made on this 

1 ’I point : — 

! : Table II. 

r I Observations on the time* of oi^ening and closing of the flowers. 

I i 24tli September 1929. Max. temp. 94°F. Min. temp. 78“F. Humidity 83 per cent. 


Type 3 (white seeded early). 


1 No. of flower 

1 

Time of bursting of 
anthers 

Time when the 
opening of the 
flower was 
completed 

Time of shedding of 
corolla 

i 1 . . . . 

3-20 

5-29 

11-32 

2 . . . . 

3-30 

5-20 

12-20 

■j . 3 • a • 'a 

3-50 

4-55 

11-2 

■-ij ■ 4 • . • • 

3-52 

4-40 

11-4 

6 . . . . 

3-51 

4-37 

12-25 

1 6 . . . . 

3-15 

5-50 

14-0 

A’ • ■ 7 . , . . 

3-22 

5-23 i 

15-35 

■ ' i'-' 8 . 

3-18 

4-58 1 

12-20 

9 . 

3-17 

6-4 1 

13-20 

, 10 . . . . 

3-0 

6-0 

13-25 

11 . . . . 

3-12 ! 

0-25 j 

11-45 

'} 12 ... . 

3-32 

5-10 j 

12-25 . 
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Table III. 

Observations on the time* of opening and closing of the floivers. 

27tli September 1929, Max. temp. 92°F. Min. temp. 76*8®F. Humidity 79 per cent. 


Type 15 (brown seeded early). 


No. of flower 

Time of bursting 
of anthera 

Time the 

opening of the 
flower was 
completed 

Time of shedding of 
eoroiia 

1 . 



3-5 

5-32 

9-35 

2 . 



3-17 

5-40 

9-48 

3 . 



3-6 

5-15 

10-55 

4 . 



3-7 

Flower damaged 


5 . 



3-8 

6-54 

9-55 

6 . 



3-9 

5-44 

10-25 

7 . 



3-19 

5-33 

12-45 

8 . 



3-10 

5-58 

10-57 

9 . 



3-12 

6-5 

12-5 

10 . 



3-21 

6-0 

11-50 

11 . 



3-14 

4-48 

15-34 

12 . 



3-15 

5-57 

12-10 


* The 24-hour notation is used. 


Table IV. 

Observations on the time* of opening and closing of the floivers. 

23rd October 1929. Max. temp. 85‘5®F. Min. temp. 65®F. Humidity 81 per cent. 


Type 28 (black seeded late). 


No. of flower 

Time of bursting 
of anthers 

Time when the 
opening of the 
flower was 
completed 

Time of shedding of 
corolla 

1 . . . . 

4-30 

5-31 

15-15 

2 . 

4-17 

6-20 

12-0 

3 . 

4-48 

5-34 

15-38 

4 . 

5-0 

6-59 

14-34 

5 « . . a 

4-49 

6-16 

12-55 

6 . 

4-47 

6-50 

18-10 

7 . 

4-50 

7-0 

19-8 

8 . 

4-27 

6-55 

13-30 

9 . . 

4-58 

7-40 

14-35 

10 . 

Flower damaged 

— 

— 

ii . . . 

4-37 

6-7 

15-0 

12 . 

3-59 

5-59 

15-10 


* The 24-houi’ notation ia used. 
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Table V. 


Observations on the time* of opening ami closing of the flowers. 

25tli October 1929. Max, temp. 86-5°F, Mill. temp. 67®F. Hiimuiity 75 per cent. 
Type 29 (lilack seeded Late), 


No. of flower 

Time of bursting 
of anthers 

Time when the 
opening of the 
flower was 
completed 

Time of shedding oi 
corolla 

1 . 



3*55 

(5-35 

14-27 

2 



3*58 

4-48 

14-30 

a . 



3-.57 

5-23 

20-25 

4 . 



4*0 

0-:5 

18-31 

5 . 



4-10 

5-0 

15-8 

6 . 



4-0 

4-51 

12-30 

7 . 



4-15 

6-15 

14-30 

, S . 



4-20 

6-30 

16.19 

1) . 



3-35 

5-55 

14-20 

10 . 



3-54 

5-3 

15-35 

11 . 



4-lS 

5-27 

15.6 

12 . 


, 

3-37 

4-50 

18-30 


* Tlio 24-Jiour notation is Ufjecl. 


'3. PoUination and fertilization. 

The method of pollination and fertilization in Sesmntim described by Friiwirth * 
and Howard ^ is as follows - 

“■ Tn the mature flower bnd before the flower opens, the four uuri]Hi anthers are 
much below the stigma which at this period is not receptive. I’he antJun's b(‘gju to 
burst longitudinally after 4 a. m. and commence to liberate tluur pollen. Aii tins 
time the two hairy lobes of the bifid stigma begin to separate and beiMvme. I'liccptivii. 
The po.sition of the anthers and stigma at this period is as follows. The foih of tb<; 
bifid stigma and the centre of the two long stamens are at tlie same level, while the 


^ Fruwii’th. Bie 2 urMimg der layidw. Kiiltur pflansen Bd. Y, 1912. 

® Howard, Howard, and A. R. Khan. Mem. Dept, of Agri, India, Bat. Sei',, Vol, X, No. d. 
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1. Bud stage 2 days 3. Bud stage in the 5, Bud stage early in 

before flowering. forenoon before the morning previous 

flowering. to flowering. 

4. Bud stage late In the 6. Bud stage next morning 

2. Bud stage 1 day evening previous to when the flower is 

before flowering. flowering. completely opened. 

The vertical line (I) drawn by the side of each drawing represents the nalu al 'e.igth of the flower in each stai 



KASHI EAM 


135 


anthers of tlie two short stamens are at a lower level. The stigmas are irritable 
and the two lobes separate when touched, all the organs are practically in contact, 
and self-pollination is easy. By 5 o’clock in the morning the stigma is generally 
covered with pollen and as insects were not observed till 6 a.m., a great deal of self- 
pollination is bound to take place. Very frequently, hovrever, the anthers in some 
flowers do not develop but remain aborted, and turn brown without shedding any 
pollen. In these cases the visit of bees easity brings about cross-poUination and it is 
probable that most of the cross-fertilization which takes place in this crop is due to 
this cause.” . 

According to our observations at Pusa we coiiflrm the above description and have 
found that the anthers begin to burst soon after 3 a.m. The various stages in the 
development of Sesmmmi flower buds are shown in Plate II. 

4. Hyhridimiion. 

In order to study the inheritance of characters in this crop some crosses have been 
made and this work is in progress. There was a complete success in crossing and no 
difficulty was experienced with the normal setting of the seeds under parchment 
paper bags. 

III. The classification and description of types. 

1. The morphological characters. 

Thirty dilierent types of Sesamum have been isolated. The chief morphological 
characters in which these types differ are (1) general habit, (2) colour of stem, (3) 
form and colour of the foliage, (4) flowers, (5) capsules, (6) seeds, and (7) period of 
growth, or maturity. 

Diithie^ describes the plant as follows ; — 

“ All annual 3 to 4 feet high. Stems erect, brancliing, angular, striate, usually 
thickly clothed, especially the upper parts with short hairs. Lcwms on long stalks, 
alternate or sub-opposite, crowded, very variable in shape, ovate, lanceolate tri- 
partite or variously lobed, cuncatc roimded or cordate at the base, upper usually 
linear lanceolate entu'e. Flowers solitary on short pedicels. Calyx 6 parted, seg- 
ments lanceolate, acute, hairy. Corolla irregular, somewhat two lipped, lobes 5, 
broad, spreading, the lower one a little longer and forming a lip, pale yellow tinged 
with pink. Stamens 4 didynamous attached to the base of the corolla tube and 
included in it. Ovary 4 celled each carpel being divided by a spurious dissepiment, 
oblong, hairy, surrounded at the base by a small fleshy disc. Ovules axile, single 
row in each cell. Capsule 1-2 inches, oblong quadrangular, compressed, opening 


1 Duthi© and Fuller. Field and Garden Croi)S, Ft. II, page 35. 
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from above, lociilicidally into 2 valves through the false dissepiments. Seeds nume- 
rous, compressed ovid or obliquely oblong, lower and upper margins girt with a 
slender sharp ridge, black brown or white.” 

Excepting in one or two minor points, the above description generally holds good 
for all the types described in this paper. 

According to Diithie “ Flowers solitary and ovary 4 celled ” but in this collection 
certain t 3 rpes having a few and fascicled forms of flowers and 6 to 8 loc ovary have 
also been isolated. 

Hooker, 1 while describing “ Flowers solitary or few^ and fascicled ” does not 
mention about the 6 to 8 loc ovary. 

Habit. The various types widely differ in height and in the extent and manner 
of branching. In some types, e,g., types 29, 30, the basal branches appear very low 
on the stem and the branches produce numerous laterals, thus the plants appear 
bushy. Whereas in other types, e.g., t}q)e 7, the secondary branches appear high 
up on the stem and do not form any laterals, the plants therefore look open in habit. 
Moreover certain types, particularly those with 3 flowers in the axil, e.g., type 3, 
have few or no branches. 

The various habits of Sesamimi plants are shown in Plate III. 

Stem. The stem is usually erect, branching, angular and striate, and the upper 
part ill particular is thickly covered with short hairs. Stems are either pale green 
or may have splashes of purple colour which is generally marked particularly to- 
wards the base. 

Leaves, The various types differ considerably in shape, size, and colour of the 
foliage. In some types, e.g., t}q3es 4, 13, 20, the basal leaves are ovate to cordate 
and the upper leaves are lanceolate to linear ; while in other types, e.g., types 1, 3, 
the basal leaves appear ovate to cordate but the leaves, immediately above them, 
become tripartite or variou.sly lobed and the upper leaves are lanceolate and linear. 

Among the types isolated, types 4, 13, 20, 22, are the only forms in which all the 
leaves are entire and none are divided. All the remaining types possess some divided 
leaves. This distinction is diagnostic of the types when they are well grown but 
it has been observed that the form of leaf to a certain extent also depends on the 
condition of growth. That is, if a plant accidently remains undeveloped or in a 
Juvenile state, the leaves retain the form of the basal type of leaf. 

The lobe.s of the divided leaves also vary from a fairly small size, in types 19, 24, 
to the distinctly broad lobed leaves of types 2, 17. The margin of the leaf varies 
gradually from a serrate to the deeply dentate form of type 5. The surface of the 
leaf is generally glabrous, except in the case of type 25 wdiich is thickly felted with 
short hairs. The eolom- of leaves ranges from a pale to a dark green colour. 

Petiole. Petiole colour is practically the same as that of the stem. 

Flowers. _ The flowers differ in size, colour and in the markings inside the tube. 
They are solitary or 2-3 together in a leaf axil, and always hairy. 


^ Hooker, Flora of British India, Vol. IV, p. 387. 







Type 12, 

Sesamum types shovnng various habits of growth. 



PLATE V 





EXPLANATION PI.ATE ¥iL 


Teb KAJifcia O-P Saiiiij CoLcrOB., 
■!f. 6, 4— wlute smootli. ; T. 11, 13--dh-ty v/Mte smaotL. j 
T„ 14 — JJgM brown xongh ? T. IS — brown .smooth ; 

S’. I5>— dark brown smooth ; T. 18 — dark brown rough i 
T. 20~olive grey smooth i T. 28 — black smooth ; 

T; ai, 24— Mack ronghi 
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Tile general colour of the corolla is different shades of purple, as given below. 

1. Very pale purple or almost white. 

2. White with a purple tinge. 

3. Light purple. 

4. Purple. 

5. Deep purple. 

The corolla is gamopctalous forming a tube with a well marked yellow spot. 
The markings insklii tlie tube are a series of purplish dots which are either few in 
number just Leiow rise yellow spot or a gocxl many forming a patch extending down 
to the basal end ol the iolx'. The colour of the projecting lower lobe, excepting 
ill some cases, is mostly the saiije as that of the corolla tube. Inside the corolla 
tube at a point where the anthers touch the lower lobe, there is a line hairy growth. 
The number of these hairs and tlieir length varies to a certain extent in different 
types. 

The other details of the flower do not exhibit any perceptible differences among 
the various types. 

The range of flower colour is shown in Plate V. 

Ckipsules. The capsules vary much in shape, size, and in the number in the axil 
of a leaf. Invariably the capsules of all the types are hairy but in some cases the 
hairy growth is less prominent and the capsides look somewhat smooth. 

ITie number of locules ranges from four to eight. Capsules of two carpels are 
primarily 2-loc. and become 4-loc. later by the grovish of a false septum. Capsules, 
which are 8-loc., are similarly developed from four carpels by false septa. 

The capsules are generally four loculed, but in types 4, 9, 11,. 18, 20, they are 
eight loculed. The eight loculed capsules are always invariably borne singly in each 
leaf axil. The four loculed ones occur either singly or in groups of 2-3 in the axil. 

These two characters are not always constant as sometimes a plant having most 
of its capsules 8-loeuled may also possess one or two 4-loculed or even 6-loculed 
capsules ; and a plant having three capsules in the axis may also bear only one or 
two capsules in an axil. 

Type 28 possesses purple coloured capsules, it therefore stands out from all the 
other Sesanvum types. 

The different forms of capsules are shown in Plates IV and VI. 

Seeds. The seeds vary considerably in colour and size and in the surface of the 
seed-coat. The colour ranges from pure white, through various shades of brown 
and grey to black. The size of the seed is either small, medium or bold (large) 
and the seed-coat is either rough or smooth. 

The range of seed colour is shown in Plate VII. 

Maturity. There is a great deal of difference in the length of the growth period 
and date of maturity in diff'erent types and types can be classified into early, medium, 
and late types. 
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Statement showing the maturity of different types. 


Eably 

■ 

Medium 

Late 

3 to 4 weeks after sowing 

5 w’eeks after sowing 

6 to 8 weeks affcei* sowing 

Types 

Types 

Types 

1, .3, 4, 0, 7, S, 9, 1 1, 13, 14, 15, 19, 20, 22, 23, 

2, 10, 12, le, 18, 21, 20, 

5, 17, 25, 28, 29, 30. 

24. 

27. 



The above statement is based on the dates of tbe first flower on the plant. 
Vegetative characters of habit, stem and leaf are liable to fluctuating variation 
under varying conditions of the environment, and the characters of the flower, fruit, 
seed and maturity furnish the most reliable criteria for classifying the types. The 
classification of types was, therefore, based on flower, fruit, seed and maturity, 

2. Key* to the Types of Sesamum indicum Linn. 

Mowers 2 to 3 in the axil. 

Seeds white, smooth. 

Corolla almost white. 

Corolla hairs short. 

Markings 7 m7. 

Plants early ......... Typo L 

Corolla light purple. 

Corolla hairs medium. 

Markings very few. 

Plants medium in maturity ...... Type 2 . 

Corolla hairs long. 

Markings many. 

Plants early ......... Type 3. 

Mowers solitary. 

Seeds white, .smooth. 

Corolla light purple. 

Corolla hairs short. 

Markings many. 

Capsule 8-loenled. 

Plants very early ....... Type 4. 

Corolla hairs medium. 

Markings many 

Plants late ... , . . . . . Type 5. 

Plants early . . , « . . , . . Type 6. 

Corolla hairs long. 

Markings many. 

Plants early . . . . . . . , . Typo 7. 


* Unless otherwise stated the capsule is four loc. 
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2. to tliG Types of Sesamum indicum Linn-^^YtM, 


Mowers solitary. 

Seeds dirty white, smooth. 

Corolla white with a j>urple tinge. 
Corolla hairs long. . 

Markings few. 

Plants early . 
Corolla light purple. 

Corolla hairs meditim. 
Markings many. 

Capsule 8-locule.d. 
Plants earlv 


Corolla hairs long. 

Markings many. 

Plants medium in maturity 
Corolla hairs short. 

Markings few'. 

Capsule 8-loculod. 

Plants medium in maturity. 

Corolla inirple. 

Corolla hairs short. 

Markings many. 

Plants early . . . 

Corolla hairs very long. 

Markings very many. 

Plants early .... 

Seeds light brown, stirfaco rough. 

Corolla light purple. 

Corolla hairs medium. 

Markings nil. 

Plants very early . . . 


Seeds brown, smooth. 

Corolla almost white. 

Corolla hairs short. 

Markings nih 

Plants early . 

Corolla white with a purple tinge. 

Corolla hairs long. 

Markings many. 

Plants medium in maturity 
Corolla light purple. 

Corolla hairs medium. 

Markings many. 

Plants late . . . 


Seeds dark brown, surface rough. 

Corolla light purple. 

CoroUa hairs medium. 

Markings nil. 

Capsule 8-loeuled. 

Plants medium in maturity 

Seeds dark brown, surface smooth. 

Corolla light purple. 

Corolla hairs short. 

Markings very few. 

Plants very early 


* Unless otherwise stated the capstde is four loo. 


Type 8. 

'J.'yi)e 9. 
Type 10. 

Type 11. 

Type 12. 
Type 13. 

Type 14. 

Type 15. 

Type 16. 

Tyi)0 17. 

Type 18. 

Type la 

B 
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2. Ae//* to the Types o/'Sesanium indicuiii Linn.-’- 

iiuwers solitary — contd, 

Sseds olive grey, siiiootlu 

Corolla white with a purpio tinge* 

Corolla hairs short- 
Markings few. 

Capsule S-Ioeuled. 

Plants very early , , , 


-OOHtd. 


Corolla jnu'plo. 

Corolla hairs short. 


Type UJ. 


Markings very few. 

Plants iiicdium in maturity . 


Typo 21. 



Unless othenyise stated the ca]:s-«le is four lot 


beens smoko grey, smooth. 

Corolla light purple. 

Ctn’olla hairs long. 

Markings many. 

Plants early , , 

Cortjlla purple. 

Corolla hairs long. 

Markings many. 

Plants early , , 

boeds black, surface rough. 

Corolla white with a purple tinge. 

Corolla hair.s sliort.. “ 

Markings nil. 

Plants early , , 

Corolla light purpio. 

Corolla hairs medium. 

Markings many. 

Plants late. , , 

Corolla puri)Io. 

Corolla hairs long. 

Markings many. 

Plants medium in matuilty , 

Corolla deep purjde. 

Corolla hairs long. 

Markings enormous. 

Plants medium in maturity , 

Seeds black, surface smooth. 

Corolla light purple. 

Corolla hairs long. 

Markings few. 

Capsule purple. 

Plants late . 


Markings many. 
Plants late . 

Corolla purple. 

Corolla hairs short.. 
Markmgs many. 
Plants late . 


• Type 22. 

• Type 23. 

• Type 24. 

• Type 25. 

• Type 26. 

Tyi)o 27. 

Type 28. 
Typo 29. 

Typo 30. 
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Description of the types. 

Type 1. Plants early, dwarf, ratlier compact, brandies few ; stem pale green i 
leaves divided, lobes small, colour dark green ; petiole pale purple ; flowers 2-3 in 
tile axil ; corolla, medium, almost white, haiiy, hairs short, lower lobe almost white, 
riiarkiiigs practically nil ; capsule 4-iocuied, medium, hairy ; seeds small, white, 
smooth. 

Type 2. Plants medium in maturity, taU, branches few; stem with purple 
splashes and not very strong ; leaves divided, lobes broad, colour dark green ; petioles 
purpKsh ; flowers 2-3 in the axil, medium, light purple, hairy, hairs medium, iowei 
lobe purple, markings very few ; capsule 4-loeuled, medium, smootli ; seeds bold, 
white, smooth. 

Tiypo 3, Plants early, height medium, branches practically nil ; stem with 
purple splashes, rather weak and susceptible to stem-rot if rains are heavy ; leaves 
divided, lobes medium, colour dark green ; petiole purplish ; flowers 2-3 in the axil, 
big, light purple, hairy, hairs long, lower lobe light purple, markings many and all 
round inside the corolla tube ; capsule 4-loculed, medium, hairy ; seeds medium, 
white, smooth. 

Type 4. Plants very early, height medium, branches very few ; stem pale green 
and rather weak ; leaves all. simple, ovate, colom- dark green ; petiole pale green ; 
flower one in the axil, medium, light purple, haicy, hairs short, lower lobe light 
purple, markings many and all round inside the corolla tube; capsule 6-8-loculed, 
small, smooth : seeds rather long, white, smooth. 

Type 5. Plants late, height medium, somewhat open and moderately branched, 
branches start low on the stem and give off some laterals ; stem with purple splashes ; 
leaves divided, lobes medium and deeply dentate, colour light green ; petiole pur- 
plish ; flower 1 in the axil, small, light purple, hair}?, hairs medium, lower lobe light 
purple, markings many and aU round inside the corolla tube ; capsule 4-loculed, 
medium, hairy ; seeds small, white, smooth. 

Type 6. Plants early, height medium, very open, sparsely braiiched,hranches 
start low on the stem ; stem pale green ; leaves divided, lobes small, colour dark 
green ; petiole pale green ; flower 1 in the axil, medium, hglit purple, hairy, hairs 
medium, lower lobe light purple, markings many and ail round inside the corolla 
tube ; capsule 4-loculed, medium, smooth ; seeds medium, white, smooth. 

Type 7. Plants early, height medium, open, sparsely branched; stem with 
purple splashes, rather weak and susceptible to stem-rot if rain^ are heavy ; leaves 
divided, lobes small, colour somewhat dark green ; petiole purplish ; flower 1 in the 
axil, medium, light purple, hairy, hairs long, lower lobe light purple, markings many 
and all round inside the corolla tube; capsule 4-loculed, medium, hairy; seeds 
medium, white, smooth. 

Type 8. Plants early, height medium, open, moderately branched, branches 
start low on the stem and give off few laterals ; stem with purple splashes and rather 
weak ; leaves divided, lobes medium, colour dark green ; petiole purplish ; flower 1 

c. 
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in tlie axil, big, wMte with a purplish tinge, hairy, hairs long, lower lobe very pale 
pm’ple, markings few ; capsule 4-loculed, medium, hairy ; seeds medium, dirty 
white, smooth. 

Type 9. Plants early, height medium, open, moderately branched, branches 
start low on the stem ; stem with purple splashes ; leaves divided, lobes medium, 
colour somewhat dark green ; petiole purplish ; flower 1 in the axil, big, light purple, 
hairy, hairs medium, lower lobe light purple, markings many and all round inside 
the corolla tube ; capsule 4-8-loculed, medium, haiiy ; seeds medium, dirty white, 
smooth. 

Type 10. Plants medium in maturity, tall, bushy, profusely branched, branches 
give ofi many laterals ; stem with purple splashes ; leaves divided, lobes medium, 
colour dark green ; petiole purple ; flower 1 in the axil, medium, light purple, hairy, 
hairs long, lower lobe light purple, markings many and ail round inside the corolla 
tube ; capsule 4-ioculed, medium, hairy ; seeds medium, dirty white, smooth. 

Type 11. Plants medium in maturity, tall, somewhat spreading, moderately 
branched, branching starts rather high on the stem ; stem with purple splashes ; 
leaves divided, lobes medium, colour somewhat dark green j petiole purple ; flower 
1 in the axil, big, light purple, hairy, hairs short, lower lobe light purple, markings 
few ; capsule 4-8-loculed, small, smooth ; seeds medium, dirty white, smooth. 

Type 12. Plants early, height medium, moderately branched ; stem purple, 
weak and susceptible to stem-rot if rains are heavy ; leaves divided, lobes small, 
colour light green ; petiole purple j flower 1 in the axil, very big, purple, hairy, hairs 
short, lower lobe purple, markings many and all round inside the corolla tube ; 
capsule 4-loculed, very long, twisted, smooth ; seeds medium, dirty white, 
smooth. 

Type 13. Plants early, height medium, branches nil ; stem purple, rather weak 
and susceptible to stem-rot if rains are heavy ; leaves all simple, broad, ovate, colour 
dark green ; petiole purple ; flower 1 in the axil, very big, purple, hairy, hairs very 
long, lower lobe purple, markings very many and all round inside the corolla tube; 
capsule 4-loculed, big, hahy ; seeds medium, dirty white, smooth. 

Type 14. Plants very early, dwarf, sparsely branched; stem with purple 
splashes ; leaves divided, lobes small, colour light green ; petiole purplish ; flower 1 
in the axil, medium, light purple, hairy, hairs medium, lower lobe light purple ; 
markings nil ; capsule 4~loculed, medium, smooth ; seeds medium, light brown, 
rough. 

Type 15. Plants early, height medium, open, moderately branched ; stem 
pale green ; leaves divided, lobes small, colour light green ; petiole pale green ; flower 
1 in the axil, medium, almost white, hairy, hairs short, lower lobe very pale purple, 
markings few or practically nil; capsule 4-loculed, medium, smooth ; seeds small, 
brown, smooth. 

Type 16. Plants medium in maturity, height medium, open, sparsely branched ; 
stem with purple splashes ; leaves divided, lobes small, colour somewhat dark green » 


petiole purple ; flower 1 in the axil, medium, white with a purple tinge, hairy, hairs 
rather long, lower lobe purple, markings many and all round inside the corolla tube : 
capsule 4-locuied, small, smooth ; seeds medium, brown, smooth. 

Type 17. Plants late, tail, bushy, profusely branched, branches start low on the 
stem and give off some laterals; stem purple ; leaves divided, lobes very broad, 
colour dark green ; petiole purple ; flower 1 in the axil, medium, light purple, hairy, 
hairs medium ; lower lobe deep purple, markings many and all round inside the 
corolla tube ; capsule 4-locuied, medium, smooth ; seeds medium, brown, 
smooth. 

Type 18. Plants medium in maturity, height medium, open, moderately 
branched ; stem with purple splashes ; leaves divided, lobes medium, colour some- 
what light green ; petiole light purple ; flower 1 in the axil, big, light purple, hairy, 
hairs medium, lower lobe purple, markings nil ; capsule 6-8-locuIed, small, smooth ; 
seeds medium, dark brown, rough. 

Type 19. Plants very early, very dwarf, branches few ; stem with purple 
splashes ; leaves divided, lobes small, colour light green ; petiole purple ; flower 1 in 
the axil, small, light purple, hairy, hairs short; lower lobe light purple, markings 
very few ; capsule 4-loculed,- medium, smooth ; seeds medium, dark brown, smooth. 

Type 20. Plants very early, height medium, branches very imr ; stem with 
purple splashes and weak ; leaves all simple, ovate, colour light green ; petiole 
purplish ; flower 1 in the axil, medium, white with a purple tinge, hairy, hairs short, 
lower lobe very pale purple, markings few ; capsule 8-loculed, small, smooth ; seeds 
medium,, olive grey, smooth. 

Type 21. Plants medium in maturity, height medium, open, moderately 
branched, branches start high on the stem ; stem with purple splashes ; leaves 
divided, lobes medium, colour light green ; petiole purplish ; flower 1 in the axil, 
medium, purple, hairy, hairs short, lower lobe light purple, markings very few ; 
capsule 4-loculed, small, smooth ; seeds olive grey, smooth. 

Type 22. Plants early, height medium, open, moderately branched, branches 
give off some laterals ; stem with purple splashes and rather weak ; leaves all simple, 
ovate, colour light green ; petiole purplish ; flower 1 in the axil, big, light purple, 
hairy, hairs long, lower lobe light purple, markings many and all round inside the 
corolla tube; capsule 4-loculed, mecMum, hairy; seeds medium, smoke grey, 
smooth. » 

Type 23. Plants early, tall, sparsely branched ; stem with purple splashes, 
rather weak and susceptible to stem-rot if rains are heavy ; leaves divided, lobes 
medium, colour dark green ; petiole purplish ; flower 1 in the axil, big, purple, hairy, 
hairs long, lower lobe purple, markings many and all round inside the corolla tube ; 
capsule 4-loculed, medium, hairy ; seeds bold, smoke grey, smooth. 

Type 24. Plants early, height medium, open, moderately branched, branches 
give off some laterals ; stem with purple splashes ; leaves divided, lobes small, colour 
light green ; petiole purplish ; flower X in the axil, big, white with a purple tinge, 
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hairy, hairs short, lower lobe very pale prtrple, markings very few or practically nil ; 
capsule 4-locnIed, medium, smooth ; seeds medium, black, rough. 

Type 25. Plants late, height medium, bushy, profusely branched, bra.nclies 
start low on the stem and produce some laterals ; stem pale green ; leaves divided, 
lobes medium, colour dark green, felted with short hairs ; petiole greenish ; flower I 
in the axil, small, light purple, hairy, hairs medium, lower lobe light pui'ple, mark- 
ings many and all round inside the corolla tube ; capsule 4-loculed, medium, hairy ; 
seeds small, black, rough. 

Type 26. Plants medium in maturity, tall, bushy, profusely branched, branches 
start low on the stem and also produce few laterals ; stem with purple splashes ; 
leaves divided, lobes medium, colour light green ; petiole pmplish ; flower 1 in the 
axil, medium, purple, hairy, hairs rather long, lower lobe deep purple, markings many 
and all round inside the corolla tube ; capsule 4-loculed, small, hairy ; seeds medium, 
black, rough. 

Type 27. Plants medium in maturity, tall, bushy, profusely branched, branches 
start low on the stem and also produce many laterals ; stem with purple splashes ; 
leaves divided, lobes small, colour dark green ; petiole purplish ; flower 1 in the axil, 
medium, deep- purple, hairy, hairs long, lower lobe very deep purple, markings 
enormous and all round inside the corolla tube ; the anthers are marked with black 
longitudinal lines’; capsule 4-loculed, medium, somewhat smooth ; seeds rather long, 
black, rough. ' 

" Type -28. Plants late, tall, bushy, profusely branched, branches start low on the 
stem and also produce many laterals ; stem with purple splashes ; leaves divided, 
lobes rather medium, colour dark green ; petiole purple ; flower 1 in the a,xil, medium, 
light purple, hairy, hairs long, lower lobe purple, markings few ; capsule 4-loculed, 
small, hairy, purple coloured ; seeds medium, black, smooth. 

Type 29. Plants late, height medium, bushy, profusely branched, branches 
start very low on the stem and also produce many laterals ; stem ■with purple 
splashes : leaves divided, lobes medium, colour dark green ; petiole purplish ; flower 1 
ill the axil, medium, light purple, hairy, hairs long, lower lobe deep purple, markings 
many ; capsule 4-Ioculed, small, hairy ; seeds medium, black, smooth. 

Type 30, Plants late, tall, bushy, profusely branched, branches start low on the 
stem and also produce many laterals ; stem with purple splashes ; leaves divirled, 
lobes broad, colour dark green ; petiole purple ; flower 1 in the axil, big, pur]')1e, 
hairy, hairs short, lower lobe deep purple, markings many and all round inside the 
corolla tube ; capsule 4-loculed, small, smooth ; seeds medium, black, smooth. 

IV. Sepaloid-foem. 

The corolla may become modified into sepals and the internal structure of the 
flower become abnormal, throwing out a leafy growth which does not produce any 
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seed. Sometimes only a part of tlie plant changes into a sepaloid form (Text Fig. J ) 






Text-fig. 1 . 

((/j GiroHa modified into sepals, 

(! ) Longitudinal section sliowing the abnormal internal structure of a sepaloid coroHa. 

(c) Sepaloid corolla throwing a leafy growth. 

but, even so, few of the branches bear normal flowers and produce viable seeds. 
In order to find out if sepaloidy was a character hereditary in some types, a small 
quantity of seeds from a partially sepaloid plant w'as preserved and sown in the 
following season. The plants produced from such seeds were quite normal and did 
not show even a small percentage of any such character. It was also believed that 
the continuou.s bagging of a plant for a number of years might be one of the causes of 
bringing this .sepaloid condition in Sesammn, but the facts do not prove the same. 
In the year 1924-25, when the samples of seeds were collected from all over the 
country, it was certain that the seeds so received were from unbagged plants and 
there was a high percentage of sepaloid forms among the plants grown from these 
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seeds. In the course of our observations it has been experienced that 
if accompanied with a heavy rainfall, greatly favours the sepaloidy. 


Rawfall and the ‘percentage of sepahid plants. 


From the foregoing Table, it appears thaii the change from the iiornial condition 
to the sepaloid form to a certain extent may be due to a disturbance of the physio- 
logical conditions of the plant induced hy early sowingvs accompanied with heavy 
rainfall. 


V. Economic Aspect. 

From an economic point of view, Sesamum can be fa,vourably compared with the 
oiive of the Mediterranean. There are at least three easily recognised forms, wdiite, 
black and brown. The value of the seeds partly depends on their oil content. 
Therefore the determination of the percentage of oil in some of the ty]-)es grown at 
Pusa was made and the results are given below. 



InCHBS OS’ BAINFALIi DUBINO THE 
GBOWING rmioB 


Pp.rceiif.age of 

Sowing time 

July 

August 

vSeptemher 

October 

.Lflfcfil 

rainfall 

scpaloirl plantn 
in late types 

13th July 1925 . 

6*64 

15-78 

IC-38 

0-17 

38-97 

8 per cent. 

ist July 1926 . 

. 16-48 

11-32 

5-75 

0-06 

33-61 

15 per cent. 

15th August 192V 


I -41 

4-71 

0-26 

6-38 

Practically ml 

15th August 1928 


5-12 

1 

6-21 

13-85 

Practically nil 


Table VII. 

Oil content, size, colour and seed’^coaf. 


Type No. 

Size, colour and seed-coat 

Percentage of oil* 

, , , s-,; 

Smail, whiUi, surface smooth . 







48-33 

, ' ■4". .■ 









49-10 

(i 

' 








49-14 

10 

Medium 

■ ■■ ■. » ■ » . 







49-09 

la 


dirty white, surface smooth 







47-39 

22 









49-00 

23.. 

« 

g«\V .» ». 







49-25 

■ ■ 21 









i 46-91 

29 


black „ 5 , 







47-11 

16 


dark brown „ „ 







51-60 

27 


black . „ rough 

- 






41-52 

.18 ! 


dark brown „ „ 






• 

37-88 . 


It appears from the above Table that there is a definite correlation between a 
rough surface of the seed and a lower percentage of oil. Most probably this is due to 
the greater percentage of husk in the rough seeded varieties. 

The economic value of the variety depends not only on the percentage of oil in 
the seed but also to a large extent on the yields of seed obtained per acre. The 
black seeded varieties which possess a greater power of branching are the higher 
yielders, although the white seeded varieties yield a better and clearer oil which 
fetches a little higher price on the market. 

The oil is extracted by expression in mills. It varies in colour' from pale yellov' 
to dark amber. It has no smell and is not liable to become rancid. In India it is 
largely used for culinary purposes, in annointing the body, and in soap manufacture. 
It is also freq^uently applied as an adulterant of ghL The oil from the black variety 
is generally stated to be more suitable for medicinal purposes than that from the 
white. It is also extensively employed in the manufacture of Indian perfumes, and 
for this purpose the oil is frequently extracted from the seeds after the latter have 
been impregnated with a perfume. The white seeded variety is largely eaten as an 
article of food, more especially in certain sweetmeats. 

The oi], cake is used as a cattle food and as a manure, in this latter respect Besa- 
mum. cake is inferior to castor or mustard cake. 


=** These detei minations were carried out by the Imperial Agricultural Chemist, Pusa. 
MGIP0—M—in-l-lS2— 30-6-30— 600. 
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CLASSIFICATION, AND STUDY OF CHAEACTEES, OF THE 
CULTIVATED RICES IN THE UNITED PROVINCES. 


BY 

R. L. SETHI, M.Sc. (Pun.), B.Sc. (Agei. Ebin.), 
Economic Botamst to Government, United Provinces, Cmimpore 

AND 

BAIJANTI PRASAD SAXENA, L.Ag., 

Assistant to the Economic Botanist. 

(lioceivod for pxiWication on 15th Novcmher 1929.) 


I. Introduction. 

Tiie work of classifying tlie rices of tke United Provinces lias been in progress 
during tlie last six years (1923-28). Tbis paper is a snnimary of the work up to 
date. The number of varieties of the rices grown in these Provinces is large and 
widely differing in character. About one thousand samples were collected from 
all over the Province by the departmental subordinates and through the kind- 
ness of District Officers, and tr^ere sown on the Botanical Research Farm, Cawnjiore, 
in 1923. It was found on their growth that the majority of the samples were mix- 
tures of various types and also in many cases the same varieties w^ere sent under 
different names from diff’erent districts. From this bulk, duplicates were sorted 
out and single well-growui plants, numbering 415, exhibiting the characters of a 
particular variety, rrere selected and a minute description of each was taken. Single 
ears of well-growing plants were again selected from these strains for two successive 
years when their characters were compared and all doubtful duplicates and the 
plants showing splitting of characters, as probable crosses, were rejected. This 
pure line selection has been continued for six years, till 135 types have been isolated 
as pure strains possessing constant characters. It is these varieties which have been 
classified and a description of their characters, wdiich have been studied during the 
course of these six years, has been given in detail. It may be mentioned that the 
{ 149 ) 
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vornaciilar ]ia,mes, iincler which these original samples referred to above were sent 
from various districts, were very confusing. In many cases the same vernacular 
name is often applied to totally difierent varieties in different districts, while, on 
the otlior hand., more commonly, different names are given to the same variety 
in different parts of the Province, e.g., the names of hansmati and hansraj, being 
fiiie and famous rices of the United Provinces, are commonly applied to a fine kind 
of a district all over the Province, and the same rice is called latera in the district 
of Unao and Anjee in Basti district or giiUbalUa of Allahabad is the same as mm~ 
latJia of Sultanpnr. Thus the vernacular name is no guide to the identification of 
a rice. 


II. History of previous work on classification. 

Several scientists have hitherto tried to classify the rices. Amongst the older 
authors we may mention the names of Eoxbnrg, Dutliie, Watt and Hooker, The 
classifications of these authors are very simple and arc hy no means comprehensive. 
Eoxhurg ^ (1874) divides the numerous varieties of Oyg::a sai/iva L. into two orders, 
the first the Poonus or the early sorts, the second the Petkla and Warho or Pediifanta 
which means the late or great crop. He has further grouped eiglit sorts under the 
first and about twenty-nine in the second, Dutliie and Puller ^ (1882), while classi- 
fying the rices of the United Provinces, group the varieties into three classes, the 
first including those with tall habit of growth, with the ear protruded from the 
sheath, feathery and drooping and with thin nsiially yellow-liiisked grain, the 
second including varieties with a shorter habit of growth and shorter stems with 
the ear not so prominent and carried more erect tlian that of the preceding and 
with thick yellow or red-husked grain and the third comprising the common varie- 
ties of paddy with short strong stems, ear partially enclosed in tlie sheath and 
grain-lnisk dark-coloured nr black. A(;cordiug to them the varieties of the 
first class are most highly prized, the nommonest being those known as hansmati, 
hanspkool and jldlma, the seomllii and sumliam arc the principal varieties 
of the second class, while satlii (so called from its growth covering sixty days) is 
by far the most important of those included in the third class. Duthi has also 
another simpler method of classification and groups the varieties according to the 
method of their cultivation, as first those transplanted from seed beds and second 
tlmse sown broadcast. According to him, as a general rule, the fine varieties falling 
under the first two classes above named are raised in seed-beds, and planted out, 
while the coarser kinds are sown in the field broadcast. Watt * (1891) divides the 


’ Roxburg. Flora, Indica, p. 306, 

* Duthiei, and Follor. Field and Garden ernpa, pp. 15, 1SS2. 

* Watt, Sir J, Dielionnrtj o/ Fcoimm product.'}, Vol, V, pp. .'504-506. 
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wild rices into four varieties viz., rufipogoti, comdata, hengahnsis and abuensis but 
in dealing witli tlie cultivated rices he classifies them first according to the locali- 
ties and then sub-divides the groups according to the season of the cultivation. 
Hooker ^ (1897) divides the tribe L. simply into five main groups. 

In later years, Gamniie^ (1908) divided the Bombay rices into fifteen varieties 
based on the charactsf of the ear, number of the primary branches on it and the 
shape and the colour of the spilcelets. Kikwa ^ (1912), a Japanese botanist, classi- 
fied the rices of Burma, taking into consideration the characters of the grain. He 
gives two schemes of classification. The first divides rices according to their agri- 
cultural characters and the second by the characters of the grain. He uses only the 
second method in classifying Burmese rices. His classification is much more 
reasonable than those of others. Graham ^ (1913) classified the rices of the Central 
Provinces and employed the character of the colours of the leaf-sheath as the main 
heads of his classification. 

Further Beale ^ in 1927 and Thadani ® in 1928 contributed to this part of the 
systematic work by classifying rices in Burma and Smdh, respectively. The former 
gives only the broad schemes of classification without going into details, and the 
latter employs, like others, the agricultural and colour characters for classifying 
the Sindh varieties. Thus no detailed classification of rices of any Province based 
on the characters of the size and shape of the grain is available in India. 

While handling a fairly large number of rice varieties in the United Provinces 
and noticing that the subject had not been studied before from a systematic point 
of view in these provinces, the necessity for a scheme of classification became ap- 
parent. The writer has more or less followed Kikwa’s system in classifying the 
rices of these Provinces as, besides being most useful economically, the characters 
of the grains are more c.onstant than either agricultural or vegetative characters. 
Before giving the scheme of classification and the grouping of varieties according 
to that scheme, it would be advisable to describe the various characters of the 
rice plant and discuss their relative merits. These may be divided into two classes, 
i.e., vegetative and reproductive, Tliese characters have been observed in Pedi- 
gree cultures for more than three successive generations, and may therefore be 
safely taken as the expression of hereditary qualities of the various cultures. 


* ilookcir. Flora of Brilish India, Vol. VII, p. 92. 

2 Gamniie, G. .A. Depi. Agri. Bombay, Bull., No.30, 190S, p. 89. 

® Kikwa, S. On the classification of cultivated rice. Jonr. College Agri. Imperial Universily, 
Tohyo, Vol. Ill, No. 2. 

* Graham, R. J. D. Preliminary note on the classification of rice in the Central Provinces. Alem. 
Dept. Agri. India, Bot. Ber., Vol. VI, p. 209, 1913. 

® Beale, R. A. A scheme of classification of the varieties of rice found in Burma. Agri, Bes. 
Inst. Pma Bull. 167, 1927. 

® Thadani, K. I., and Durga Butt. Studies on rice in Sindh, part I. Mem, Dept, Agri. India, 
Bot. Ber., Vol. XV, No. 6, 1928. 
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HI. Vegetative characters. 

1. Germination and early growth. 

The time taken for germination by tlie various strain in the nursery was studied 
m order to see the difYeronce in germination between ea,r}y and late and fine and 
coarse-grained iypes. Tlie results are shown in Tables I and II 


Table I. 


Showing difference w. germination heiween early and late maturing types {sown on 6th 
June 1927). 


OEiailNATION AETEK SOWING 


Nature 

of 

strain 

Total No. 
of types 
sown 

4th day 

6th day 

Cth day 

7th 

No. of 
types 
germinat- 
ed 

Percent- 

age 

No. of 
types 
germinat- 
ed 

Percent- 

age 

No. of 
types 
germinat- 
ed 

Pereent- 

age 

• No. of 
types 
gennin.'it- 
ed 

Early 

48 

24 

60 

21 

43-76 

8 

6-25 

0 

Medinni . 

8 

4 

50 

2 

26 

2 

26 

0 

Late 

55 

1 

27-8 

26 

47-3 

8 

14‘6 

6 

Very late . 

11 

2 

18-2 

8 

273 

4 

:.o-3 

2 


10'9 

18*2 


,r “ . . T,ypes are more vigorous m their germination 

tlmn the late-ripenmg types. The former as well as the medium class germinate 
within SIX days after sowing, while a fair percentage of the late group continue ger- 
minating till the 7th day. & F 


Table II. 


Slmoing difference in germination between coarse and fine shaped grains {1927), 


Nature j Total No. 
of.. 1 of types 
grain j sown 

■: 1 . 

QEBMINATION AFTER SOWING 

4th day 

j 6th day 

j 6th daj' 

i 7tli day 

No. of I 

types 1 Percent- 
germmnt- ! ago 
ed 1 

1 No. of 
types 
germinat- 
ed 

; Percent- 
; age 

No. of 
types 
germinat- 
ed 

i Pereent- 
; age 

1 

j No. of 

I type.s 

1 germiuat- 
j ed 

Percent- 

age 

Coarse , i 42 

Medium . 1 SO 

Pine . 82 

itound . 1 12 

19 46-2 

17 47-2 

S 26 

1 8-3 

21 

« j 
11 

0 -j 

' 60 

3S-8 j 
34-4 

60 

1 

3 I 

9 i 

■ ^ 1 

i 2-4 

8-4 

28-1 

S3-4 

2 

4 

1 

2-4 

6-6 

12-6 

S>3 
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A majority of coarse and medium-grained types germinate witliin five days 
after sowing, wliile a fair percentage of fine types take as many as six and even seven 
days to germinate. Roimd types beliave more or less lilce fine-grained ones. It 
is obvious from tlie above Tables that, tliougb a majority of fine and late varieties 
axe not so vigorous in their germination as the coarse and early types, it is not 
invariably so in all the cases. Some fine and late strains do germinate as quickly 
as early and coarse ones and vice verm. 

The maximum temperature in shade in June at tlie time of germination varied 
from 104° to 110° F. Later on in the season, lio-wever, from July to Septem- 
ber when the maximum temperature varied from 91° to 99° F., it took 
longer time to germinate. The character of the time of germination is f hns 
variable and is influenced by the temperature of the season. Moreover the diti'er- 
enoe in time of germination and early growth of various types is not an important 
feature as to be employed as a basis in the scheme of classification. The beha- 
viour, however, of the various strains, later in growth, or in being trans])kiiited in 
the field after tlie seedling stage show some differences in the number of tillers, 
leaves and the height of the plant. These are discussed under their respective 
heads. 

2. Tillering capacity. 

Tillering in the rice plant commences a fortnight after transplanting and con- 
tinues till the emergence of the ear. The character is of considerable economic 
importance as it is closely connected with the yield. Generally speaking, early 
strains are poor, while the late ones are rich in tillering, but late-maturity and 
high-tillering are not necessarily correlated in all the varieties (Table HI). 

Table III. 


Showing average total number of tillers in different strains. 


Strain No. 

Number of days 
required from 
sowing (in broadcast) 
or transplanting to 
maturity 

Mean number of tillers 

' 

liroaimst — 

132 

71 

Im 

133 ....... . 

76 


128 

94 

ll'S 

123 

98 

9 


U3 




Each figure represent average ot' twenty oountinga. Spacing between plants waa 1x1 foot. 
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Showing average total number of tillers in different strains—miitd. 


Strain No. 

Number of days 
required from 
sowing (in l)roadcast) 
or transplanting to 
maturity. 

Mean number of tillera. 

Transplanted earlu — 








12 . 






78 

19 • 

66 . 






78 

14-6 

124 . 






76 

18-9 

71 . 






SO 

13-8 

48 . 






80 

21-6 

63 . 






76 

24-6 

Medium — 








31 . 






86 

21-4 

120 . 






86 

190 

43 . 






88 

13-8 

3 . 






86 

23-8 

86 . 






102 

26-4 

Tjate — 








68 . 






127 

19 

62 . 






127 

364 

116 . 






129 

14-3 

98 . 






133 

31-6 

126 . 






133 

366 

99 . 






133 

28 

94 . 






129 

IM 

116. . 


. 




131 

24-4 


Eftcb figure represents average of twenty countings. Spacing between plants was 1 x i foot. 
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Tiliers appearing late in life do not produce panicles. Tlie percentage of tliese 
sterile tillers varies in different strains and is an objectionable feature. The rate 
of growth of tillers was studied in a few strains and it was found that early varie- 
ties attain their maximum sooner than the late varieties, more espcially in the 
transplanted series (Table IV). 

Table IV. 


Showing the rate of growth as indicated hj tlm average number of tiliers 'per plant at 
successive one week periods. 


Sows BEOADCAST 

{12th Jult) 


TaANSEBAKTSl) 

(sown IN KDESBBY OH 6 tH JtTSE ASTB 
TEANSPBANTED OK 12TH 
Jm-Y) 



Early 

No. 132 

Late 

No. 128 

Early 

No. 7 

Medium 
No. 21 

Late 

No. 26 

August 

1 




1 

2 

11 

6-2 

7-7 


8 




1*5 

3*5 

16-6 

9-5 

11-7 


16 




3-1 

9 

23*7 

16-9 

19-2 


22 




6-1 

10-5 

26-8 

19-4 

27*6 


29 




8*2 

11 

27-1 

20*1 

28-3 

September 5 




9-7 

12-6 


20-2 

30'7 


12 





12-8 



30-8 


19 

• 







30-9 

.. 

26 

* 







31-6 


The figures are shown up to their in<asimum limits and each figure is the average of twenty count* 
ings. Spacing between plants was 1 X 1 foot. 

While the relative number of tillers is a feature which is characteristic of varie- 
ties, the amount of tillering varies in different years, so far as the cultivated 
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varieties are concerned, probably owing to variations in the manner of water supply, 
i.lie land on wbioli they are grown, and spacing between plants (Table V). 


Table V. 


Yariaf/ions in tillering as affected hy spacing between plants. 


Distances {inohe.s apart) 

Strain No. 65 
(early) 

Strain No. 99 
(late) 

Average No. 
of tiUors 
per plant 

Average No. 
of tfllera 
per plant 

3x3. 

4-3 

12-9 

6X6 

8-6 

16-7 

9X9 

11-0 

202 

12X12 

14-8 

29-0 


Each figure is au average couutiug of 50 plants. 


Tlie cbaracter is thus very variable and is not useful from a classifioation point 
of view. 

3. Leaf. 

The lamina is usually green in colour and the mid-rib yellow or liglit yellow but 
in types possessing deep coloured leaf -sheaths, the mid-rib is also of purple colour. 
In one variety (No. 91), the whole leaf is of deep purple colour. This is a very 
useful distinguishing cliaracter, but it is present only in one type in the United 
Provinces. The flag or the uppermost leaf is often a good index of the size of the 
leaves of the plant in general. It is generally the broadest of all the leaves. It may 
assume an erect, horizontal or downward inclined position. An erect position 
usually signifies a strong stem of the plant. The leaves are also covered by hairs 
on both sides. These are more abundant on coarse thick leaves than on thin fine 
leaves. The former are generally found in coarse-grained varieties, and the latter 
in fine-grained types. Like tillers there is also a variation in the development of 
leaves in early and late kinds. This is shown in Table VI„ 
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Showing the rate of growth as imlicated hy the average ‘number of leaves per plant at 
successive one week periods. 


Sown broadcast 
(12tii July) 


Transplanted 

(sown in nursery on 6th June 

AND TRANSPLANTED ON 12TH 

July) 





Early 

Lato j 

Early 

Medium 

Late 




No. 132 

No. 128 1 

No. 7 

No. 21 

No. 26 

August 

1 . 


. 1 4-0 

6 

31 

16*8 

22*2 


S . 


• 'i 5 '5 

10 

47*9 

28*6 

34'S 


JS . 


• 1 S' i 

25*5 

77*1 

49*4 

61-3 


22 . 


. i 13-0 

63 

107*7 

70 

07*8 

» 

20 . 


. 1 14-3 

68 ' 

123*1 

84*8 

120*2 

September 

6 . 


15*4 

97*5 


93*4 

144*4 

n 

12 . 



’ 107*5 



146 

» 

19 . 






146-6 


26 . 



1 



146*6 

October 

3 . 



1 

1 



149*8 


The figures are shown up to their nuixinium limits and each figure is the average of twenty 
eountings. Spaeing between plants was 1 x 1 foot. 

The development of leaves is more in late strains than in early types and like 
tillers, tlie development of leaves reaches their maxiimim sooner in early varieties 
tha.n in late types more especially in the transplanted series. 

The character of leaf growth is easily atlected by the fertility of the soil and 
environmental conditions. It is variable like tillers and is therefore of not much 
use in the present scheme of classification. 

4. Plant height. 

The height is measured from the level of the ground to the joint of the panicle 
(ear-head) with the stem, which is visible by the presence of a ring of ciliate hairs. 
Those types that are sown broadcast are generally short in nature. Their average 
range lies between 60 to 80 cm. The shortest type is sathi (No. 132) which is about 
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10 cm, in lieiglit. Txansplanted kinds^ on the other hand, are taller than the broad- 
cast. Their average range lies between 80 to 110 cm., although some reach more 
than 110 cm. The maximum height is shown by Type No, 32 which is 152 cm. in 
length. Early varieties, both when sown broadcast or transplanted, show 
a markedly greater rapidity in attaining the limit of their height than the late varie- 
ties (Table VII). 

Table VIL 

Showing the mte of growth in height of the different stmins as indicated hj the average 
height of plants measured at successive one week periods in cm. 


Sown beoadoast 
(12th JotY) 


TRANSrBANTBD 

(SOWN IN NtJKSBBY ON 6TH JtTNB 
AND TEANSPt ANTED ON 12TH 

July) 



Strains 

Early 

No. 132 

Late 

No. 128 

Early 

No. 7 

Medium 
No. 21 

Late 

No. 25 

August 

1 




9*4 

8-2 

18*3 

18*7 

20*3 


8 




10*4 

10-9 

20*4 

21*2 

22*9 


15 




14-4 

13-5 

24-2 

22*8 

25*0 


22 




20-3 

19-8 

33-3 

28*8 

30*9 

r. 

29 




35-3 

22-8 

59*9 

38*8 

34*9 

September 

5 




40 

31-6 

88*2 

65*1 

41*3 


12 




42 

48-7 

98*4 

92*5 

46*6 


19 





73-5 

99*4 

110*9 

61-3 


26 





74-2 


112*1 ' 

I 63*4 

October 

3 







112*8 

84*6 


10 








llS-6 

» 

17 








I3S-8 


24 








145-9 


31 








146-8 

November 

7 








147*2 


The figures are shown only up to their maximum limits and each figure is the average o 
countings. Spacing between plants was I X I foot. 




PLATE I. 


i. satU b. broadcast c. transplanted Fig- 2. Typical wild rices 
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The broadcast varieties, being short, axe less liable to faU down thm to®' 

planted hinds which are usnally tall, but the advantage gamed is : 

balanced by poor tillering and small panicle “tfY'ttrtfon ^ 

(Plate I 1) Plants mav be erect, spreading or trailing prostrate depending 

strength of the stem. The common types mostly remain erect m the y°™g ““J*' 
tion and become more or less spreading near ripenmg. ^ e can ‘i'"'!'; J*® 
as short, medium and tall varieties, and the character may be of use for the 

plants from the direction of strong winds, but it is not very safe ® f 

Lshing character, because the height is variable and depends on the fertility of the 
soil and the method of cultivation, whether sown broadcast or tensplaiited. 

The difference in the vegetative growth, as measured m terms of number of 
tillis l^es and height ofa P>-t, allows some distinct on to l« m.^^^^ 
various types, but all these vegetative characters as described 
environmeutal and seasonal conditions are variable and are therefore not useful as 
a basis for the sclieme of classification. 

6. Ligule. {Pluie II, 2.) 

At the junction of the leaf-blade and the stem there ate tvro small P W 
viowths lying opposite the stem. These are called ligules. Their colour is either 
white or purple In the latter case the leaf-sheath is always coloured deep purple. 
It is a mLphological character of minor importance and does not show any vaiia- 

tion. __ n \ 

6. Auricle. {Plate II, 2,) 

These axe two ear-liie hairy out-growths a,rising from 
ligule, but are projected out sideways instead of lymg flat on the ste^ Mm the 
ligule. In the majority of cases, their colour is white, but only in where 

the .colour of the leaf-sheath is deep pmple. they may be of P-^ «>-• 
oote, when present, is more distinct and persisten than 1d at ^ ^ 
Auricle is present in almost all types and. hke ligule, is also a morphological 
cbaracter of minor importance. 

7. Odour reUtionsliif in the cultivated rices of the United Promnees. (Plate 11.) 

BiflereuteMoimsarefoirndm — ^ 

tach'as Mi/fraeeTaho cKist. ’ In the bajority of cases these colours disappear 
ta the mature plant. In the ripe grain the coloims are ted during maturity and 
serve as a useful distinguishing character. Sometimes t iese oo ours appeM m 
non-coloured plants, only later on near maturity, but m such ™ 

faint. According to Mitrab coloured factors are generally dominant over non- 

.ini,v.«.K. cun... 

192S, i). lUi. H 
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tip of tlie spikelet, 
he absence of purple 
present are tbe leaf- 
.mes and the keiiiel 

in the United Pro- 

Tinm, onTvHet or pkple and “the other green. Ont of a totp of 1.35 varieties 
classified, 68 po.5sess pale-green leaf-sheath, while 67 purple. The p-een may be 
pale green assuming an ahnost yellow tint or light green, which is lighter than the 

colour of the leaf. The extent of the purple colour varies considerably. It may 
rano-e’from a light pinkish tint to deep black purple. It generally appears early 

ill tiie seedling stage, becomes intense after about a month’s gi'owth, when the 

I ' real colour of the sheath is known. Near the ripening time it begins to fade away 

and may disappear altogether in certain cases. It is therefore only possible to 

distinguish various colours during early stages of growth. Generally speaking, 

! deep intense colours remain constant throughout, with, slight ^altera, tion ; while 

lighter colours disappear near ripening. According to Kikwa the violet rices 
cmitain in the epidermis of the plant a certain violet colouring matter, which almost 
' entirely covers the colour of the chlorophyll|in the young stages and becomes thin 

i later on, being washed away by rains. Sheath-colour is of a useful diagnostic charac- 

ter, but as it is not of any economic importance, it has not been em.ployed in the 
i ! present scheme of classiEcation. In the United Provinces all the varieties, which 

: possess a deep purple-coloured leaf-sheath, invariably possess the coloured apiculus 

'I (tip of the spilcelet), but in a few kinds where leaf-sheath colour is light or dull 

! purple, the apiculus is colourless. The reverse of this, that when the apicidus 

I is of red or black purple colmu, the leaf-slieatb should also possess the same colour 

5 is not found in all cases. There are a few varieties, where the apiculus is 

1 coloured and the leaf-sheath is green (Table VIII). 

I Graham® states that there is a close relationship of colours between the leaf- 

j sheath and the apiculus, and wherever the colour is not visible it is cine to a 

I very fleeting colour in the sheath. 

!>’ As regards the colour-relationship between the leaf-sheath and the kernel, all 

j the varieties which have a green leaf-sheath do not necessarily possess wliite kernels, 

i and mce wsd (Table VIII). Thus the relationship does not seem to be very close, 

i, Thadani'S Imwever, states that all the varieties with a green leaf-sh.eath have a. 

i: white kernel. This may be true of Sindh, but the writer has come across a few 

types in the United Provinces in which the leaf-sheath is green and the kernel is 
red (type No. 116 and 126, Table VIII). 


coloured' ones. Pamel> also states that purple colour in the 
at the base ot the leaf-sheath and in the stigma is dominant, to tl 
in these parts. The important parts of the plant where colour is 
sheath, the stigma, the apiculus, the outer glumes, the inner glii 
Then' colour-relationship is discussed below. 





(b) Outer 
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(b) Stigma (Plate II, 4), Tlie colour of the stigma is a constant feature and is 
of a useful diagnostic character. Common colours are white and black, the former 
predominating, being found in 108 types out of a total of 135 classified here. 
Graham^ reports the presence of red stigma in the Central Provinces while Beale^ 
states that it is absept in the Burmese rices. The \rater has come across three 
varieties in the United’ Provinces in which the stigma is of light pink or light purple 
colour (Table VIII). As regards the colour-relationship of stigma with that of 
leaf-sheath, it has been found in the United Provinces that when the stigma is 
coloured the leaf-sheath is always coloured and when the stigma is white, the leab 
sheath may be purple or green (Table VIII). The purple of the sheath in the latter 
cases is always light or dull purple. This agrees with Beale’s statement about Biu> 
mese rices. Hector^ broadly classifies Bengal varieties according to the colour- 
relationsliip in the leaf-sheath, the apiculus and the stigma as follows — 

1. Leaf-sheath, apiculus and stigma coloured. 

2. Leaf-sheath and apiculus coloured, but stigma colourless (white). 

3. Leaf-sheath green, but apiculus and stigma coloured. 

4. Only apiculus coloured, stigma and leaf-sheath colourless. 

He is doubtful of the existence of the last two combinations in Bengal. In the 
United Provinces, the writer has not come across the combination No. 3 but the 
condition No. 4 does exist in a few types (No. 89, 6, 106 and 79 ; Table VIII). 

(c) Apiculus (Plate II, 3). This is the tip of the spikelet formed by the union 
of the extreme points of both the inner glumes. In the majority of cases it is of 
common colour (pale yellowish white) and has uniform colour with the common 
colour of the inner glumes. In such cases the colour of the tip appears as dull white 
or light brown, according as the light yellow of the glumes fades away, or gets in- 
tensified near ripening. Purple colour when present may be red purple or deep 
purple (almost black). In the majority of cases, the colour is bevst seen a few days 
after emergence of the ear from the leaf-sheath. Generally it becomes faint near 
ripening time, or may disappear altogether when the colour is light. When it 
is intense, it persists as a black sxjot till the maturity of the grain. This character 
is of great help in rogueing a pure field. It is closely associated with a more pro- 
minent character of leaf-sheath colour and hence is of not miicli use in the present 
sclieine of classification. Beale^, however, has broadly grouped the Burmese types 
according to the combination of the colour character in the apiculus and the stigma. 
As regards its correlation with the stigma colour, although simultaneous colouring 
is common, the colour of the apiculus is independent of the colour of the tstigma 
(Table VII). 

^ Graliam. Ibid, p. 220. 

'-Beale, R. A. Ibid, -p. !. 

3 lli'itw, G. y*. Observation on the inheritance of Anthocyan pigment in paddy varieties. Mem. 
Dept. Agri. liiilln, Bot. Serie.s, Vol. YIII, No. 2, Nov, JtllG. 

4 R. A. Ibid, p. 8, 
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Table YIII. 


Showing colour relationship in the cultivated rices in the United P'/ 




Stigma 

Apieuliis 

Iverne! 

Outer ghim('.s 

Inner glumes 

B.IiSfAUKS 

No. 








134 

Blad: purple . 

Black 

Black 

Bed . 

Beep purple , 

Common eo- 

flimmeu 
colour. • Crdi- 







lua.iwn m.ark- 

nary pale 
















while colour 








ol ihe paddy 
Crains (im- 

husked ricH). 

SO 

lied purple . 

Bo. 

Black purple . 

White 

Do. 

Bull common, 








miirking.s. 


124 

Piirpic . 

Bo. 

Black . 

Red . 

Bo. 

t!ommon, with 
loown m.'trk- 


2 

Light prtrple . 

White 

Red purple . 

White 

Light purple . 

Bo. 


112 

no. 

Light pink. 

Common 

Red . 

White . 

Bo. 


80 

lilaeh purple . 

Black 

Black purple . 

White 

Bo. . 

Bull common. 

N o colour. — 

No special 








colour se- 

parate from 
the inner 

glumes. 

117 

Light dull 

purple. 

Light purple 

No colour 

Dirty red- 
dish. 

Do. . 

Deep orange 
red. 


T 

Light purple . 

White 

Common 

White 

Do, . 

Common 


65 

Dull purple . 

Bo. 

Bo. 

Do. 

Do. 

Do. 


73 

Light purple . 

Bo. 

Bo. 

Bo, 

Bo. . 

Do. 


113 

Do. 

Light purple 

No colour 

Light red . 

Bo. . 

Bull orange 
brown, 


89 

Palo green 

White 

Black . 

Wliite 

Light purple . 

Common 

Bain green 

dili’crs from 
liglit green in 
luvving some 
ytdlowish tint. 

6 

Bo. . 

Bo. 

Black purple . 

Bo. 

White . 

TPil! iirownlid) 





red. 


126 

Bo. . 

Bo. 

Common 

Red . 

Bo. . 

Coiiuiion witli 






brown mark- 
ings. 




116 

Bo. . 

Bo. 

Do. 

Do. 

Bo. . 

Bull common. 


14 

Black . 

Black 

Biaek . 

White 

Purple . 

Common willi 






purple mark- 
ings. 




46 

Black purple . 

Bo. 

Red purple . 

Do. 

White . 

Common. 


106 

light preen . 

White . 

Black . 

Do. 

Red purple . 

Black. 


79 

I’file green 

Bo. 

Black purple . 

Bo. 

Orange Itrown 

Common. 



8. Water requirement. 

Rices generally fall into tliree main classes in regard to tlieir water require- 
ment, viz.^ upland, common and acquatic rices. It seems probable tliat some of 
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fche common varieties, in consequence of repeated cultivation in dry or flooded fields, 
for many years, liave acquired tlie character of either endimng drought or standing 
in floods and growing fairly well on lands, where the present day conmion rices 
usually fail. Some kinds of upland rices may be direct descendants of true up- 
land species such as 0. gramuilata Nees and 0. Latifolia Desv, which according to 
Watt quoted by Kilcwa ^ are still found in mountainous districts of India. Watt^ 
places all upland cultivated rices under his variety abuensis, and does not regard 
these in anyway derived from 0. granmilata, but considers 0. LaPifolm to have 
contributed some help in producing upland rices by hybridization. 

Ill the United Proviimes those varieties that are grown in dry conditions are 
sown broadcast and are early ripening, while those cultivated in tanks and marshy 
lands are generally transplanted and are late in ripening. The largest number 
consists of Goiiimoii varieties which are generally transplanted and are interme- 
diate in ripening. It is useful to classify rices according to their water-requirement, 
but as some common varieties may be grown under all conditions, it is very difficult 
to draw a line among these three classes. 

9. Qold weather rice. 

It is generally known as boro or gethi clhan. It is sown in December — January, 
transplanted in February and harvested in May — ^June. It is an interesting crop 
as, unlike the main rice crop of the Province cultivated during the Ekarif season 
(June — ^November), it is cultivated during winter months. The rice is coarse, iU- 
flavoured and is generally cultivated on the margins of lakes and ponds in those 
districts, where these water reservoirs are common. The spikelets are deciduous 
and an uneven maturity is a common feature in them. They do not possess any 
distinctive morphological feature and can be sown broadcast or transplanted during 
the Khar if season as well. The boro rice as a class thus does not constitute a se- 
parate group possessing distinctive features but are common rices cultivated in 
winter on marshy lands. This is probably because of the scarcity of water in that 
season on ordinary fields. 

10. Wild rice. (Plate I, 2.) 

The common varieties of wild rices fomid in the United: Provinces belong to the 
species Oryza sativa L. and are commonly found growing round the edges of lakes 
and marshes. The popular name is tinni or 'passaM. They often appear as weed 
in cultivated rices and are a frequent source of contamination. These wild types 
are characterised by the presence of long rough awns and deciduous nature of their 
spikeiet. 


^ Itikwa, S. Ibid, p. H. 

® Watt, Sir G. Ibid, Vol. V, pp. 504-506. 
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IV. Reproductive characters. 

1. Inflorescence. 

It consists of two parts, a lower known as peduncle and an upper part called 
panicle or tlie ear- head. The panicle has a main racliis bearing primary and se- 
condary branches. The rachis may be either erect, curved or drooping. ^ In the 
last case, it bends in a sharp curve. The inflorescence is generally erect in short 
sized early-ripening, broadcast, varieties, and drooping in tall, late, and transplanted 
kinds. 

(ft) Peduncle. This is the uppermost internode of the plant supporting the 
panicle. The major part of it remains covered by the leaf-sheath, but for conve- 
nience that part of it which emerges above the leaf-sheath is called the peduncle 
proper. At the junction of the peduncle and panicle there is a ridge of ciliate hairs. 
This ridge is also the starting place of the lowest branch of flowers. The peduncle 
is said to be “ enclosed ” when the ridge is enclosed within the leaf-sheath and 
“ exserted ” when the ridge is free and visible above the leaf-sheath (Plate III, 1). 
The extent to which the peduncle is exserted varies. Generally in late fine- 
grained kinds the ciliate ridge is far above the leaf-sheath, and the peduncle is call- 
ed ‘‘ far exserted,” and in broadcast early-ripening, coarse types it just emerges out 
of the leaf-sheath and the peduncle is called “ just exserted ”. Between these two 
extremes all gradations of exsertion exist. In the case of sathi (No. 132) a most 
prominent broadcast variety of the Province, the whole inflorescence remains almost 
enclosed within the leaf-sheath cover, and only emerges a little at the top and on 
the sides near the ripening of the ear-head (Plate III, 1, ft). This character is found 
only in this variety, and is very useful as a protection against the ravages of the 
rice sapper called gmidhi {Leptocorisa varicornis F.) which sucks away the milky 
juice of the young spikelets. The length of the peduncle is of a diagnostic character, 
and Watt^ makes use of it in classifying the cultivated rices, and groups them into 
three main classes as follows : — 

(i) Tall habit of growth, ear protruded from the sheath, feathery and 

drooping and fine grain. 

(ii) Short habit of growth, ear not so prominent and carried more erect than 

(i) and thick grain. 

(iii) Strong short stem, ear partially enclosed in the sheath. 

It has been seen with our cultures that when grown in rich fields, the emergence 
of the peduncle above the sheath is less as compared to when grown in j)Oor dry 
fields ; also in years of poor growth, there is greater emergence than in years of 
good growth. Tiie character is thus liable to fluctuate under different conditions 
and is not employed as a basis in the present scheme of classification. 

(6) Panicle. The length of the ear-head or the panicle is measured from the 
ciliate ridge up to the end of the top most spikelet. The shortest ear, being 18 to 


I Watt, Sir. a. Ibid, Voi. V, p. 603. 


PLATE III. 



Fig. 1. a, covered b, enclosed c. justexserted d. farexserted 


Fig, 2, a. erect b. spreading c. curved approximate 




SETHI AND SASENA 


165 


20 ceiitimefaes, is found in satlii (No. 132) an early ripening broadcast, type, while 
the longest of 32 h cm. in No. 19. The average range lies lietween 23 and 28 cm. 
The relationship between the length of the main panicle, tillering and tics heiglifc 
of the plant was studied by working out a few correlations. The results are sum- 
marized below ill Tables IX and X. 

Table IX. 


Showing corrclaiion between tiMering mid length of the main pmiiele. 


Strain No. 

Mean No. of 
tiller.^ 

Moan length of 
panicle in cm. 

Co -efficient of 
correlation 
between 
tillering and 
length of 
panicle 

RiSMABKS 

. . . 

S-5 

29-5 

0-37 ±0-05 

Correlation appta- 
ciabia. 

22 . , . 

8 

27-2 

0-10 ±0*00 

^ Correlation slight. 

1 . . . 

11-2 

29-5 

O-29AO-0G 

Correlation rather 
apjireciable. 

25 « « « 

i3-3 

29-S 

— 0-17ffi0-0G 

CoKelation slight. 

15 , . . : 

22-0 

3M 

O-S0±O*0G 

Correlation appre- 
cialde. 


Fifty observations were made in each ease. 


The amount of correlation within each pure strain does not seem to be very 
close although it is appreciable in some cases. In type No. 25 it is negative, while 
in others it is positive. 

Table X. 


Showing conelatmi between the length of the ‘main panicle and the height of the plant. 


Strain No. 

Mean length of 
the main panicle 
in cm. 

Mean height 
of the i>Iant 
in cm. 

Co-efficient 

of 

correlation 

Bbmaeks 

109 . 

18-3 

56-OG 

0-42 i 0-03 

Correlation fairly 

close. 

23 ■ . 

i 29-3 

147-3 

—0-33 ±0-00 

Correlation ai)pre. 
ciable. 

128 . 

' 23-8 

73-2 

0-4Si0-05 

CoTxelatioii fairly 

close. 

22 . 

27-2 

110-8 

—0-03 ±0-00 

1 Oorreiation negligible. 


Fifty observationa were made in each case. 


From the above Table, it will be seen that, ivithin each pure strain, the rela- 
tionship between the length of the main panicle and the height of the jihuit is 
negative in some and positive in others. The amount of correlation also varies 
much. In some strains it is distinct, while in others it harldy exists. 
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Tli 0 branches of the panicle are either primary or secondary and may be erect, 
spreading, curved approximate, or a combination of these conditions (Plate HI, 2). 
Generally the lower branches are either erect or siireading, while the upper are ap- 
proximate and curved. The average number of the branches of the panicle varies 
from 12 to 18. The smallest number of 9 is found in early ripening type No. 132, 
while the maximum of 28 in a late ripening type No. 66. It does not necessarily 
follow that all the late varieties possess greater number of branches than the early 
ones. Generally speaking, in the transplanted series, the types with long panicles 
have proportionately fewer branches, whereas those possessing short-panicles 
have a comparatively larger number. The latter types consequently appear denser 
or more compact. Gammiei makes use of the average number of primary branches 
in distinguishing the rices of the Bombay Presidency. It is not, however, possible 
to use this character as a basis for classification in the United Provinces as it has 
been found to be very variable. A detailed examination of these panicle characters 
was undertaken with many varieties. The results of a few rej)resentative types 
is shown in the following Table : — 

Table XI. 


Bar-head characters of typical rice varieties of the United Provinces, 


Strain No. 

No. of days 
reqxiired from 
sowhig (in 
broadca.st) or 
transplanting 
to maturity 

Mean length of 
ear-hoad in cm. 

Mean No. of 
branches in 
the panicle 

Moan No. of 
spikolets per ear 

Broadcast early — 

132 

71 

20-3 

9 

90 

133 

75 

17-8 

9 

82 

Late— 





123 

98 

25-5 

13 

195 

128 

94 

23-8 

13 

207 

Transplanted 

early— 





2 

80 

29-9 

14 

210 

49 

86 

25<5 

15-5 

312-5 

3 

86 

32'0 

13 

ISO 

118 

88 

26-0 

16-5 

262-5 

19 

88 

32-5 

13-5 

202-6 

43 

88 

25*6 

22 

470 

Medium— 





112 

102 

29>9 

15 

250 

90 

108 

26”7 

17-5 

276 

Late— 





59 

125 

21*7 

19 

350 

56 

129 

23*5 

10 

234 

82 

131 

29-9 

16 

440 

110 

127 

28-0 

20 

475 

m 

127 

21-7 

28 

625 


Each, figure is the average of twenty observations. 


1 Gammie, G. A, Ibidt p. 89. 
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Tlio lelatioiisMp between iinniber of brandies and tillering was also studied. 
Tlie results are summarized in Table XII. 

Table XIL 


Shoioing correlation between tillering mid the number of branches in the fmdcle. 



Moan ! 

Mean 

Co-efficient 


Strain No. 

No. of ! 

tillers 1 

No. of 

branches ! 

of 

correlation 

Remarks 

25 . '. ; 

13-3 I 

H-5. I 

0-O9±0-0G 

Correlation negli- 

gible. 

23 . . i 

8-5 i 

13-8 i 

0-09 ±0-06 

Do. 

22 

1 8 ^ 

16*4 

0>32i0-05 

Correlation appre- 

ciable. 

1 

i H-2 

: 14-7 

i — 0-13A0-0U 

Con-elation slight. 

70 

1 22-0 

! 18-9 

0*41 ±0-05 

Correlation fairly 

close. 


50 observations were made in each case. 


The correlation is fairly close in Nos. 22 and 70, both of which possess greater 
number of branches than others. 


2. Time of ripening of^ the fioioer [Duration). 

In transplanted kinds the earliest types flower by the end of August or by about 
the beginning of September, if sown in the nursery in the first week of June, i.e.^ in 
about 80 or 90 days after sowing, while the latest types flower about the middle 
of October or even a few days later taking as many as 136 days. This range of 40 
to 60 days can be divided into the following four periods of flowering. 


Duration 

Maximum No. of 
varieties 
flowered during 
that period 

Range of days 
required from 
transplanting to 
maturity 

1. Early. — ^Elower from 30tb of August to 12tb 
September. 

48 

76-92. 

2. Medium. — Flower from 13th of September to 30th 
September. 

8 

95-108. 

3, Late.— -Flower from Ist of October to 15th October . 

55 

112- ISl. 

4. Very late. — Flower from 16th of October to 22nd 
October, 

11 

131-133 or more. 
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Ill deteTminiiig the earliiiess of varieties of rice, early flowering is usually con- 
sidered as a, ii index of early maturity. This, however, is not always tlie case. 
(Table XIII.) 

Table XIII. 


Flotmring and ripening period of the rices in the United Promnces. 


Strain No. 

! 

Days from 
fcranspianthig to 
flowering 

Days from 
transplanting to 
rii>ening 

Early — 



122 . 

61 

82 

124 . 

61 

76 

63 . . . . . , . 

64 

76 

29 . 

64 

80 

Medium — 



108 

64 

100 

78 0 . 

64 

96 

4 

66 

96 

Late — 



26 ... 

89 

131 

99! 1 

90 

122 

76 . . . . . . . 

90 

121 

93 

91 

129 

62 ........ 

91 

126 


Thus the types No. 122 and 124 flower about the same time, but there is difference 
in the time of their maturity. A similar behaviour is shown by the late varieties 
(in the table) among themselves. 

The interval between floivering and maturity may vary also from season to 
season in the same variety, although it is a fairly constant one, being about 3 to 4 
weeks for the early and intermediate strains and about 5 to 6 weeks for the late 
ones in these Provinces. 
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Table XIV. 


Seasonal mifiation in the ripetimg jteriod. 


Strain No. 

Number of days from flowering to maturity 

1926 

1927 

1928 

Earl If — 












122 







26 

33 

31 


1>9 







24 

33 

26 


3 







24 

31 

32 


19 







27 

33 

34 

Medium- 













108 







34 

31 

36 


4 







33 

30 

29 


85 







30 

26 

24 

Lak — 












95 







41 

' 35 

41 


93 







41 

35 

36 


83 







42 

33 

33 


G2 







43 

35 

34 


69 

• 



• 



41 

37 

34 


Early varieties generally take less time to ripen than the late ones. This is 
most probably due to change in the temperatures of the season. The temperatme 
by the end of September or beginning of October, when the early types mature, is 
about 98° F., while about the beginning or middle of November, the time for the 
maturity of late kinds, it ranges between 80° to 84° F. 

The periods for which the plants in a single culture continue to flower is ge- 
nerally longer for the early strains, and much shorter for the late ones. This is 
probably because when the early types flower in September, there is much moisture 
in the soil, and the air is more humid than in October when the late strains flower. 

The broadcast varieties, on the other hand, as represented by sathi (No. 132) 
flower by the end of August, i.e., after about 46 days when sown about the middle 
of July, while deola (No. 128) and other late kinds of the broadcast series flower 
about the middle of September, when sowm on the same date as sathi. The broad- 
cast kinds usually mature within a month’s time after flowering. Their usual range 
from sowing to maturity lies between 70 to 107 days. Early kinds are sown on the 
higher fields and the late ones in the low-lying places where the continuous supply 
of water is assured, while the medium kinds on land of intermediate character. 
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It lias been observed that some varieties flower after a certain period, irre- 
spective of tlieic date of sowing or transplanting, while others flower at a fixed time 
of the year, no matter whether sown early or late. The former mode of flowering 
has been termed periodically fixed ” and the latter “ timely fixed ” by Mitrad 
The following Tables (XV and XVI) will elucidate this point as shown by the rices 
in the United Provinces. 


Table XV. 


Showing the time offloioering of the “ feriodimlly fixed ” ty'pe offices. 
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It is tie broadcast varieties and the early types of the transplanted series that 
are mostly “ periodically feed ” in the United Provinces and a great majority of 
these tj^pes show this character, while the timely fixed character ” is shown only 
by some, varieties of the late types (Table XVI), 


Table XVI. 

Sliowimj the time of flowering of the “ timely fixed ” type of rices. 


Year 

Date of transplanting 

Date of flowering 

1920 . 

18th. July 

26th September 

1927 . 

7th „ 

23rd „ . 

1928 . 

12th „ 

25th „ . 

1926 . 

18th „ 

16th „ . . 

1927 . 

7th „ 

I4th „ . 

1928 . 

I2th „ 

16th „ . 

1926 . 

18th „ 

13th October . 

1927 . 

7th „ 

15th „ . 

1928 . 

12th „ 

12th „ . 

1926 , 

18th „ 

12th „ . 

1927 . 

7th „ 

12th „ . 

192S . 

12th „ 

9th „ . 

1926 . 

18th „ 

17th „ . 

1927 . 

7th „ 

15th „ . 

1928 . 

12th „ 

12th „ . 


No. of days from 
transplanting to 
floworiiig 


70 

78 

75 



91 
100 

92 


Varieties are either sown broadcast or transplanted according to the facilities 
available in difiereiit parts of the Provinces, and sometimes the same variety 
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may be sown under both conditions in tbe same district. This causes a great 
difference in the dates of ripening of the same variety, and presents a real diffi- 
culty in making use of duration as a basis for classification. Again tlie same variety 
becomes late in ripening as we go from the western to the eastern side of the Pro- 
vince. Anjana (No. 44) grows all over the Province, it is earliest ripening in 
Dehradnn (extreme west) ; is late by about 4 or 5 days in Bareilly (central region), 
and about 11 days in Gorakhpur (extreme east) as compared to Dehradnn. Again 
Ajan (No. 65) is late in ripening hy about a week in Azamgarh (east) as com- 
pared to its growth in Dehradnn. The character of the duration of the crop is 
still the most important feature from an agricultural point of view, and is taken 
advantage of by the farmers in discriminating their various lands, but as it is affected 
by the time of sowing, irrigation water, soil and climatic conditions, it is not such 
a constant character as to be employed in the present sclieme of classification. 


3. Pollination. 

Self-pollination is the general rnle in the rice plant although occasional cases 
of natural cross-pollination are also met with. The percentage of natural cross- 
pollination, however, is not miicli. It does not seem i;o exceed 2 per cent, 
at the Botanical farm, Oawnpore, and is Jimitod to adjacent plants growing witli- 
in a radius of a few feet. ParnelP- reports about 2 to 4 per cent, in Madras and 
Hector^ about 4 per cent, in Bengal. The process of the opening of tlie flower and 
pollination varies. The anthers may dehisce liefore the opening of 1‘,lie glumes 
(as in type No. 7), at the time of the opening of the glumes (type No. 1), or after 
they have emerged (No. 3). The first two cases are more frequent. The stigma, 
as a general rule, is receptive by tlie time the glumes open, and in the majority of 
cases they get covered by pollen grains before opening or just when opening. 
In mthi (No. 132), a famous broadcast early ripening variety of the United Pro- 
vinces, the flowers are cleistogamous, and the glumes of the flowers, probably 
because of the sheath cover of the ear-liead, remain closed tliroughout their life 
time and never open (Plate III, I). FarnetP also reports the presence of cleis- 
togamons flowers in rice-heads in Italy. A close study has been made of the opening 
of the flowers on single ear-heads in a few representative types of rices in the United 
Provinces. The general conclusions are summarized in Tables XVII and 
XVIII. 


1 Paniell, P. R., and others. The inheritance of characters in rice. Mem. Dept. A&n. India, Bat 
Ser.,Yo\.Y,m.7. 

2 Hector, G. P. Notes on pollmation and cross fertilisation in the. common rice plant, Onjza 
Saliva. Mem. Dept. Agri. India, Bot. Series, Yoh Yl, No. 1. 

* Farneti, R. Spora il brnsone del rfso-Atti 1st. Botan. deW Ilniw. di pavia., SVIII, 1921, p. 109. 
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Table XVIL 


Sho wing the time of the day when opening of the Jloimrs takes place. 



Numbeb of 

FLOWERS OPENED 

ON ONE 

EAE-HEAD j 


Time of the day . 

8 

9 

10 1 

11 

12 

1 1 

I 

2 ! 

! 

Total 

Temperature 

88°F. 

89°F. 

91°F. i 

92‘‘F. 

93“F. 

94“F. 1 

90‘F. ! 

1 


Strain No. 

Early varidiea. (Septem- 
ber lOth.) 

7 . 

0 

3 

i 

4 

24 

10 

1 

4 i 

0 

46 

1S4 . 

0 

0 

0 1 

21 

16 j 

5 ! 

0 

42 

29 , . . 

0 

0 

0 

6 

20 

0 ! 

0 

26 

47 . . . 

0 

0 

2 

28 

21 

0 ; 

0 

61 

18 . . . 

0 

0 

3 

42 

0 

0 

0 

46 

14 . . . 

0 

0 

1 

41 

13 

2 

0 

67 

2 , 

0 

0 

0 

34 


0 

0 

40 

S 

0 

0 

1 

45 


0 

0 

54 

55 . 

0 

0 

0 

5 

13 

8 

0 

26 

31 , 

0 

0 

1 

29 

8 

0 

0 

38 

Total 

0 

3 

12 

274 

115 

19 

1 » 

■ 423 

Percentage 

0 

7 

2-8 

64-8 

27-2 

45 

i, 

100 

Laie varieties, (Novem 
ber ist.) 

Temperature . 

76°F. 

77°P. 

79“F. 

srF. 

S2°F. 

83“F. 

83“F. 


129 , 

0 

0 

0 

6 

29 

0 

0 

35 

64 . 

0 

0 

0 

9 

4 

0 

0 

13 

125 . 

0 

0 

0 

0 

5 

5 

1 

11 

99 . 

0 

0 

0 

4 

29 

3 

0 

36 

70 . 

0 

0 

0 

0 

8 

15 

5 

28 

61 . 

0 

0 

2 

11 

5 

0 

0 

18 

110 . 

0 

0 

0 

0 

11 

28 

3 

42 

Total 

0 

0 

2 

30 

91 

51 

9 

183 

Percentage 


0 

1-1 

16-4 

49-7 

27-8 

6 

100 
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At Ca'wiiporo, tlie opening of the glumes generally takes place between 9 A. m. 
and 1 p.M. in the early varieties, and between 11 a.m. and 1 p.m. in the late varie- 
ties. Most vigorous flowering is seen between 10-30 to 11-30 a.m. in the early 
types, and between 11-30 to 12-30 in the late types. In no case the flowers 
continue opening after 2 p.m. in the early varieties and an hour later in the late 
varieties. The temperature at which the flowers open in the early varieties ranges 
from OO*’ to 94° F. and in the lates from 80° to 84° F. The optimum being 92° F. for 
the former and 82° F. for the latter. As a general rule, in tlie individual panicle, 
the flowering proceeds from above downwards, but a few flowers do not open near 
the top in the beginning. Weather conditions, at the time of flowering, affect a good 
deal the time of opening, sunshine hastening the process and clouds and rains re- 
tarding it. The entire period required by a single flower, from the opening to the 
closing of the glumes, is about 50 to 60 minutes. Late in the season, some varie- 
ties may take about an hour and a cpiarter. '■ 

The number of days a single ear-head requires to flower completely was also 
studied. This is shown in Table XVIII. 

Table XVIII. 


Sliotving the period of flowering of a single ear-head. 



Numbek 

OB’ 3?LOWE»3 

OBENBl 

ON EACH BAY 


Unopened 


Strain No. 

1st 

2ud 

3rd 

4th 

5th 

6th 

7th 

8th 

9th 

abortive 


Early varie- 
ties. (Sep 
temTber 
8th.) 

7 . 

45 

67 

62 

34 

6 

0 

0 

0 

0 

14 

218 

134 . 

42 

51 

44 

34 

0 

0 

0 

0 

0 

4 

176 

29 . 

26 

47 

38 

21 

12 

0 

0 

0 

0 

6 

140 

47 . 

61 

44 

57 

60 

23 

7 

0 

0 

0 

26 

268 

18 . 

46 

69 

71 

43 

13 

3 

0 

0 

0 

14 

268 

14 . 

67 

61 

69 

46 

17 

9 

0 

; 0 

0 

.. 23 J 

262 

2 . 

40 

89 

46 

■ 29 

13 

0 

0 

i 0 

0 

. 11 

228 

65 . 

26 

38 

26 

10 

4 

1 

0 

0 

0 

3 

108 

31 . 

38 

77 

65 

33 1 

13 

1 

0 

0 

0 

12. 

229 

Total 

369 

633 

448 

300 

101 

21 

0 

1 

0 

113 

1,886 

Percentage 

19-5 

28-S 

23”S 

i 16 

5-4 

M 

0 

1 0 ; 

0 

6-9 

100 
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Table XVIII. 


Showing the period of Jlowemig of a single ear-head. 


Strain Ko. 


Number of 

■Fr.OWERS OPEKED OS 

EACH I>.4£- 


1 

Unopened 

and 

abortive 


Ist 

2ad 

3rd 

4th 

5tli 

Util 

7til 

8th 

9tli 


Lair, rnrie- 
iien (Octo- 
ber 

22y . 

20 

19 

22 

:|5 

13 

6 

11 


0 

3 

12.8 

54 . 

16 

23 


13 

5 

3 

0 

0 

0 

0 

96 

125 

4 

14 

5 

11 

4 

1 

0 

0 

0 

0 

30 

90 . 

15 

21 

30 

36 

23 

10 

i 

0 

0 

0 

139 

liO . 

S 


29 

42 

44 ; 

29 

20 

16 

7 

5 

215 

Total 

58 

101 

123 

137 

89 i 

48 

32 

16 

i 

7 

G 

617 

Peroojitago 

i 

9-4 1 

16-3 

19-9 

, 22-2 

14-4 i 

7-76 

5-2 

1 

2.0 1 

1-13 

1-11 j 

100 


Tlie maximiim lowering activity is readied in the second and the tliird Jay 
ill the early varieties and on the thii'd and the fourth day in the late varieties. 
The early varieties also finish opening then' flowers sooner (i.e., on the. 6th day) 
than the late strains, which contmiie up to the Tth, and sometimes uji to the 9th 
day. The difference in. times of pollination and opening of fiow^ers is associated 
with the lifeperiod of the plant and as an independent character for employment 
as a basis for classification, has notliing very much to recommend it. 


4. Yielding capacity. 

Yield is a complex of various factors such as tillering power, number of graims 
per ear-head and sterility percentage in the panicle. In very early strams sown 
broadcast, this is generally low% presumably owing to the short period of growth. 
These strams have all a low tillering capacity and small sized panicles. Tlie grains 
in these .strains are generally coarse. In the transplanted series, on the other liand, 
the yield per plant in the late strains, is generally more than in the 'early strains ; 
but it is not invariably the case. Some of the early types may yield w’dl and also 
late strains may be ]30or yielders. The following table (XIX) will show the com- 
parative yield in different strains. 
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At Cav/iipore, tlie opeiimg of the glumes generally takes place between 9 a.m. 
and 1 in tlie early varieties, and between 11 a.m. and 1 p.M. in the late varie- 
ties. Most vigorous flowering is seen between 10-30 to 11-30 a.m. in tlie early 
types, and between 11-30 to 12-30 in the late types. In no case the flowers 
continue opening after 2 p.m. in the early varieties and an hour later in the lati' 
varieties. The temperature at which, the flowers open in the early varieties ranges 
from 90° to 94° F. and in the lates from 80° to 84° F. The optimum being 92° F. for 
the former and 82° F. for the latter. As a general rule, in the individual jianiclc, 
the flowering proceeds from above- downwards, but a few flowers do not open near 
the top in the beginning. Weather conditions, at the time of flowering, aflect a good 
deal the time of opening, sunshine hastening the process and clouds and rains re- 
tarding it. The entire period required hy a .single flower, from the opening to the 
closing of the glumes, is about 50 to 60 minutes. Late in the season, some varie- 
ties may take about an hour and a quarter. • 

The number of days a single ear-head requires to flower completely was also 
studied. This is shown in Table XVIII. 

Table XVIII. 


Shmcing the ‘period of flowerirng of a single ear-head. 


Strain No. 

Numbee op eeowees 

OPENE 

ON EAOH BAY 


Unopened 

and 

abortive 

Total 

Ist 

2nd 

3rd 

4tli 

5th 

6th 

7th 

8th 

9th 

Early mrk- 
iies. (Sep 
tember 
Sfcli.) 

7 . 

45 

67 

52 

34 

6 

0 

0 

0 

0 

14 

218 

134 . 

42 

61 

44 

34 

0 

0 

0 

0 

0 

4 

176 

29 . 

26 

47 

38 

21 

12 

0 

0 

0 

0 

6 

149 

47 . 

61 

44 

67 

60 

23 

7 

0 

0 

0 

26 

268 

18 . 

46 

69 

71 

43 

13 

3 

0 

0 

0 

14 

258 

14 . 

67 

51 

59 

46 

17 

9 

0 

0 

0 

. 23 

262 

■ 2 . ^ 

40 

89 

46 

29 

13 

0 

1 0 

0 

0 

11 

228 

55 . 

20 

38 

26 

10 

4 

1 

0 

0 

0 

3 

108 

31 . 

38 

77 

66 

33 

13 

1 

0 

0 

0 

12 

229 

Total . I 

369 

633 

448 

300 

101 

21 

0 

0 

0 

113 

1,886 

Percentage | 

1 

19-5 

28*3 

23-8 

16 

5-4 

11 

0 

0 

0 

6-9 

100 
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Table XVIII. 


Showing the period of flowering of a single em-head. 


Strain No. 


Numb EE of 

BXiOWUKS OPENED ON 

EACH DAr 


Unopened 

and 

abortive 


1st 

2nd 

3rd 

4th 

5th 

6th 

7fch 

«th 

9tli 


Late varie- 
ties {Octo- 
ber 29tb). 

129 . 

20 

19 

22 

36 

13 

6 

11 

0 

0 


128 

M . 

16 

22 

37 

13 

5 

3 

0 

0 

0 

0 

96 

125 . 

[ 4 

14 

6 

11 

4 

1 

0 

0 

0 

0 

39 

90 . 

16 

24 

30 

36 

23 

10 

1 

0 

0 

0 

139 

110 . 

3 

22 

29 ; 

42 

44 1 

29 

20 

16 

7 

» 

216 

Total . 

68 

101 

123 : 

137 

89 

48 

32 

16 

7 

6 

617 

Pefcoiitag<3 

9-4 

16-3 

19-9 

22-2 

1 

14-4 I 

7-76 

5-2 

2-6 

113 

l-ll 

100 


The maxiinum lowering activity is reached in the second and the third day 
ill tlie early varieties and on the third and the fourth day in the late varieties. 
The early varieties also finish openmg their flowers sooner (i,e., on the 6th day) 
than the late sti’ains, which continue up to tlie 7th, and sometimes up to tlie 6th 
day. The diflterence in times of pollination and opening of flowers is associated 
with the lifeperiod of the plant and as an independent character for employment 
as a basis for classification, has nothing very much to recommend it. 


4. Yielding capacity. 

Yield is a complex of various factors such as tillering power, number of grains 
per ear-head and sterility percentage in the panicle. In very early strains sown 
broadcast, this is generally low, jiresiimably owing to the short period of growtli. 
These strains have all a low tiliermg capacity and small sized panicles. Tlie grains 
in these strains are generally coarse. In the transplanted series, on the other iia.nd, 
the yield per plant in the late strains, is generally more than in the 'early strains ; 
but it is not invariably the case. Some of the early types may yield well and also 
late strains may be poor yielders. The following table (XIX) will show tlie com- 
parative yield in diflerent strains, 

c 
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Table XIX. 

Showing conijMiTalive yield yef phtni tn early lend lale litytiinn {I (12(S). 


Strain No. 


No. of days from 
sowing (in broad- 
cast) or transplant- 
ing to maturity 

Alcaji No. of tillers 
per plant 

Mean yield jter planr 
iu grin. 

linxffJrad varieties — 

132 


71 . 

10 

9-3 

133 


75 

■9 

!3-6 

Tmmplanifjl varidm — 

Early 13 


84 

lS-9 

37-23 

61 


86 

11-7 

32-40 

14 


80 

16*9 

32-96 

24 


86 

11-3 

29-02 

49 


86 

16-15 

42-90 ' ■ 

124 


76 

18*1) 

44-79 

Medium S6 . 


102 

26-4 

41-87 

90 


108 

14!) 

38-16 ' 

Laid (i2 . 


127 

36-4 

6!)'4 

34 


131 

21-6 

6fr60 

98 


133 

31 6 

'50-25 

■ 94 . . 


12!) 

IM 

30-10 

82 


i 

r '131 

23-1 

4o-eo 


Distance between plants was I X I foot. 
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'rhi-, iif ,s!.ra\v is ;Us<> ul‘ importaiioe as it is ustai as foti»!t?r in 

sauio |s!;hm*s. 'TIsi arc ijho comparative figures oi grain and stra^r j'ielils 

in a .-.trains (Tiibl(‘ XX), 


Table XX. 


iShoiriiitj in'o port ion of paddy grain to straw in various slrahiH. 


sh'.un Ns>. 

A!.e:ui 

of a'l'.'tio 

Mean 
weiglit 
of .si;i.-au' 

1Vekoe:stage 

EaTU) ok G.KAm 
. a-o srsAW 

of l.wfiily 
pl'.l ill 

of tsveiif'V 
piiiuts in 
gna. 

■ 

(.Ji-aiu 

JBira.w 

(ll-ilijl 

straw 

Ilkirlf/ mirictks — 



■ 





S9 


49-16 

48-00 

50-6 

49-4 

1-0 

0-97 

.1, 


63-35 

60-01 

5,1 -36 

48-65 

10 

0-9l> 

3 


45-10 

56-21 ■' 

44-51 

66-49 

10 

1-24 

Lata varieties — 








15 


67-96 

122-60 

85-6 

64-4 

I-O 

1-80 

67 


89-31 

I48-3S 

37-5 

62-6 

1-0 

1-66 

23 


38-6 

61-4 

38 ‘6 

61-4 

l-o 

1-6 


«finnTa.lly .sfsoi!.ldug, (.lie perctnitagr of tfie straw as compa.red, with the grain 
is h*ss iii e-arh" than in iatt' varinthis, Init this is not alvvivjs the case. Some early 
kinds may liavt'. more Kstraw {.lui,n grain (tjqte No. 3). 

Idle varifitiun in yieirl of grain and stra,w ’was also studied under diUVreiit eon- 
ddiojis oi; growl.h. !^ix])eriments were conducted, with thickly and i.liinly sown 
seed beds at diiTei-ciifc laniti-es in the Province. It is no use recording the details 
hei-e as nothing thdinite was found. Generally speaking, 'when, close phuiting was 
pracdise.fj one. or two .seedlings in one hole, gave the largest onttimi, with wide 
planting more rns'dlings di<l well. Again thick coarse varieties with abimdaiice 
ol liaify growth do betlau' at a distance of nine inches apart, while thin slender ones 
\dth less i(^a,ves give g(»od results when some six inches apart. The optimum rate 
for niimlNM- of .seedling.s in one hole and their distance apart seems different for 
different va.i'ieties aiid it stMons to vary in different parts of the .Province. 
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Tlw reJationsliip between the tillering aiifl the yield and tlu.' lii'igfit af.id the 
yield was siRidied. The following tables show the correlation of these factors - 


Table XXI. 

Showing correlation between tillering and yield. 


Strain No. 

Mean No. of 
fertile tiUers 

Mean yield of 
grain per plant 
grin. 

Co-efficient of 
correlation 
between tillering 
and yield per 
plant 

RsftUKKS 

'26 .... 

13-3 

36-7 

0-S7±0-01 

Correlation very 
close. 

22 , 

8 

26 

0-88 ±0-01 

Do. 

1 . 

11-2 

27-3 

0-64 ±0-03 

Correlation close. 

7 . . ... 

24-0 

63*3 

0-91 ±0-01 

Do. 

S7 . . . . 1 

216*1 

89-2 

0-79 ±0-02 

Do. 


Tliere is a close relationship between number of tillers and yield per plant within 
a strain. This is perhaps what might have been expected as yield is generally 
determined more by the number of fertHe tillers than by any oth/r factor ^ ^ 


Table XXII. 


Strain !No, 


1 . 
16 , 
70 . 

m . 


Height in cm. 

116-8 

1120 

155-0 

133*6 

.141*1 


Yield per plant 

Co-efficient of 

EBMAIiKS 

in grm. 

correlation 

26 

-~0-16±0-06 

Correlation slight. 

27-3 

--0'16±0-06 

Do. 

62-3 

0-63 ±0-04 

CoiTolation close. 

92-7 

0-68±0-03 

Do, 

89-2 

0-32 ±0-06 

CoiTelation anpre” 
ciable. 


60 observations were made in each 
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Tlie relationsMj) like that of the height of the plant and the length of the -mnin 
panicle seems to be negative in some and positive in others. The amount of corre- 
lation also appears to vary. In some strains it is slight, while in otliers it is appre- 
ciable {No. 67). The varieties showing close correlation are late in ripening. It 
has been observed that late ripening varieties are usually tall and are generally 
g(^od yielders fdthough it is not invariably so. 

The yield of a plant is subject to great variation, depending as it does on the 
availability of plant-food and climatic conditions. Even variation of distance 
b(‘tween plant to plant and the number seedlings in a hole also brings in diilei'eneos 
in the yield. Obviously, therefore, a scheme of classification based on the (*]nn-act«‘r 
of the yielding capacity of plants would not be a very satisfactory one. 

5. Sterility. 

The habit of producing miproductive spil«:elets is a phenomenon of rather com- 
mon occurrence in some rice varieties. It is closely connected with yield. The 
sterile ear-heads become quite white and feathery and do not produce mij grains 
in them. Observations made during the course of five years’ work on the i‘ice crop 
in the United Provinces show that sterility is due to various causes. It may happen 
that only a few stray spikelets become sterile or the whole ear-head is afl’ected. The 
former may be due to chance lack of fertilization, caused by unfavourable wf^ather 
conditions, and the Litter to the cutting of the food supply of the wliolc panicle 
from below and its drying upi caused by a stem-borer {Schoenobms hipmictifeT). 
Its attack becomes severe in cases, where the crop is grown in rich well-manured 
fields. Sometimes in poor dry soils, when there is scarcity of wa,ter at tlie flowering 
season, the percentage of sterility also increases. This is prabably due to a heat 
stroke. The most prevalent form, however, found in these provinces is the one 
caused by the borer. 

A disease called “ straight head ”, which resembles very much the sterility of 
the ear-head, is reported from America. A detailed account of it is given by Messrs. 
Tisdale and Jenkins.^ According to them it is not known yet whether this is a 
disease or a condition brought about by physical causes. They saj^' that the presence 
of organic matter in certain stages of decay produces a condition of soil that allows 
more water to be taken in and this tends to press out the air to such an extent that 
the root system fails to develop normally, thus disturbing the mitrition of the plant, 
which produces “ straight head.” The remedy for this, according to them, consists 
in draining the land and irrigating for about 10 days after the plants emerge. Ac- 
cording to Bhide,2 sterility is not always due to unfavourable environment but 
it may be a hereditary quality. Bhide’s assertion seems quite probable as it has 

^ Tisdale, W. H., and Jenldns, J. M. “Straight head” of rice and its control. United Stuien 
Dept. Agri. Farmers Bull. 1912. 

® Bhide, B. K. A cause of sterility in rice jfllowers. Agri. Jour. India, Vol. XVII, Xov. 1922, 
p. 584. 
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{.iPtiii o]iS».-i‘ve(! tliai) It is only eiirtain types wliieli. ate luore suset^fttihie ii. thaji 
otliefs. The fiiiiracter, being closely allied to yield, is not an ins jioi j.iiUi. osie liorn 
a elassiii(;at/i,(Hi })oiut of view, 

b. Spikelet, 

The spikehhis are artiouhited on the pedicles and <‘a,(;ii lias a set ol jour ghnues, 
the two outiM- sterile or empty glumes, and the two iumu- fertile oj- ilouvritig glumes 
euehtsiug the grain. 

(o) (jNtcy (Plate 11, :i). These are usually small, hard ami sliiuy. 

In one variety called Htiapd'nlhl (Mute IV, 2) they art*, large, almost eijualjing or 
exceeding tlie spikelet in sbe. Tin? eoloirr is usual ly whiitg and sonum hat paler 
than the inmn- glumes. It hears no mlation t(> the col(>nr of the inner gltnm's. 
The outer glumes may he purple, wliilo the iimer glumes are eolouj'ie^s (cimimon 
colour) and nice tcr.sv/ (Table VIll). The colour oi the oiitei' glumes when preseul 
geiierally gets faint Jmar ripetdiig. 'I.'hese colours .are latriy coii.’,tani< and are usehd 
in distinguishing different varieties from one ioiotlier. 

{h) Itinor plumrs. (Idahi 11 , 2). Tlu?He ani two in nii'jnhcr eneheaug the riee 
grain, one. being higg(*r and five-nerved and the other narrower ami thj-eemervtsh 
The most oommon e.olour is pale yeUo\vi?d> white. Otlier colours are veil, orange, 
brown, pnr])lo ami black, each iue.hiding ma,ny shades. Sometimes a inixturt* of 
one or two of the.se colours on <mu‘ spikelet giv(,‘,s a. ])iba](l a.ppea,ruiiiH? to tin? grain. 

' The ridges and grooves, so common on these intu'.r gluine.s, ivccnsiimally show differ - 
ence of colour on them. Tin? ridges ani gcncraily paler in. colour than, tin? groove.s. 
These ridges are more promimart in coarse spikelets tli.an in sle.udej* orms. The 
colour of inner glumes is fairly con.stant, a, ml is a. usisfid diaguo.sti(^ eharaetcr, 

(e) Awik 'rids, when present, is the prolongatioii of the tip of tlit* ituior, biggt.u* 
gliioity ft is ;i hard bristle-like .structure of varying length ami ladour. Awns 
are generally found in eoaase tj'pes. (Table XXI 11). Wild uncuitivateil typos 
and usually thos<‘. grown in .swa,n.i]>s also .show ubumhmt prodm'tion of awre; 
(Plate 1, 2). In the Uidtisl Provinces, the progriss.sion in value is b'oin t}n« a,wneil 
to the awnless and from tlie eolouriid to the e.oloiirless varieties, ivikwa-* also states 
that most of the pj'evaiont v.arietie.s in advane.ed centres of rice culture are .‘iv\'iiiess. 
In eertaiJi localities, e.r/., m^ar the kind (.a, belt at the foot of the ilimalayai,!] Aloun- 
tains) awned varieties ate preferred to tiie awuloss, as the presemie of awns })rotet!ts 
the cro]) from the attacks pigs and other wild po.sts. No f(?atnrc‘ is juore v.'uiabio 
among the rices grown in these Proviuees than the a,wi\ ilmracte.r. The length 
varies in different varieties and even within the .same variety ; ti\e leiigtli id' the 
awn is by no mean.s constant. Ordinarily it varhss IVom a tiny litule bristle tn a, 
maximum of tln-ia? mche.s. In many cases awns a,()|)oa.!‘ onJ.y on :i, few .spikelets ne.-ir 
the tip of the (.‘jur-hoad, the ])asal spikelets remaining awn, less. In fad;, it is veiy 
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-iilrioiilt iio determine in some cases, whether a spikeiet is awne-d or awiiiess* as 
tli(«-e in;iy be just tl.u.j faintest trace or suspioion of an awn, yet it is so small as not 
to be. .iiKiasurable. Out of a total of 135 varieties classified here, only 43 possess 
a.wn.s. Of tJie.se, five are broadcast, fifteen are transplanted early ripening and the 
rconaiiiiug a, re transplanterl late ripening varieties. The .most common colours 
met u’ith are light yellow, red and black purple. Yellow generally fades away 
and s,,p pears \vhite and the purple, if it is intense, becomes reddish brown near 
maturity. The. awn character, as represented in a few typical kinds in these 
ihoviiioes, is shown in Table XXni. 

Table XXIII. 


Ai'um. c^Kiracter of the rices of the United Promices. 


Stl'aiu No. 

Leiiivtb of awn in 

ConouE tw 

; C'liaracter of rice 


inches 

Awii 

Apieulus 

1 (hulled grain) 

Braadeast m:irie~ 





ties — 





132 . 

Tiny bits to l-tT , 

black 

purple when young, 
black when ripe. 

Bold coarse. 

lai . 

Tiny bits on stray 
apikelota near the 
tip only. 

Do. 

Do. 

Coarae. 

133 . 

Tiny bit.s to l-S" 

white 

no colour . . 

Do. 

130 . 

Tiny bite to 2*5" . 

brown 

dull brown . , 

Do. 

Tm'mptanlai \ 

vark‘tie & — | 





Bmlf/ 39 . 

5" to 2" • • 

deop purple 

deep purple . 

mediuin eoarab. 

63 . 

rtoS" . . i 

Do. . 

Do. 

Ooarao. 

114 . 

Tiny bits to -G" . 1 

white 

no colour 

Do. 

50 . 

Tiny ihts to V 

Do. 

Do. 

1)0. 

Lak. 37 . 

•5" . . 

Do. 

Do. . , 

Do. 

23 . 

•5"toF' 

orange 

brown. 

dull orange red 

tina^ 

127 . 

•5" to 2" 

white 

black purple . 

medium coarae. 

16 . 

•5" to IT." . 

black purple 

Do. 

bold fine. 

4a . « 

•1" to '5" 

Do. 

black . , . 

medium coarse. 
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The black or red pur] 3 le colour is present only in cases wliere the a]>icTilns or 
the, spikelet has also the same colour. It is, however, not always necessary, that 
it slioiihl have simnltaneoiis colouring with the apiculus. It may he whit«? when 
the apicuhis is black purple (No. 127). Beale^ states that the prescaicc oi a,wns 
is dominant to absence of them, and they show Mendelian segregation in splitting. 
The (jJiaracter, being variable, is not of much use in the present scheme of cla.Ksilic.a- 
tion. 

(d) CluaLpfed spikelcts. (Plate IV, 1). The spikelets are usually solitary, hut 
in type. 75 from Shahjahanpur district, popularly known HL^ GmiGhm, spikelets, 
are clustered together in groups of two to five. The hraiiches, by this clustering 
together, show a slightly interrupted appearance. There are only two such varieties, 
in which this character is .found in these Provinces and it is therefore not of much 
importance in the scheme of classification. 

(c) Winged ftpikelets. (Plate IV, 2). The sterile outer glumes of the comnioii 
ciiltivat(Kl rices are usually small, and their length is less than one-third of the 
flowering or the fertile glumes. A few' rices, however, e,g., mapanhld (No. 74) 
from Sitapiir district have very long empty glumes, the length of which may equal 
or even exceed that of the flow'ering glumes. Such rices have a eliaracteristic wing<‘d 
appearance and though it is an interesting phenomenon from the systematic stand- 
point, the character is limited only to two rices in the United Provinces and is there- 
foi*(i of not much importance. According to S. Tanaka quoted by Kikwa'^, these 
long gliimed rices are considered by farmers in Japan to be more resistant against 
the injury of wfinds than common rices. The rices being inferior and coarse in mitarre 
and the character being not common, this question has not received much jittention ■ 
here. The featui'e is not of any economic value, because such winged and awned 
varieties are not appreciated by the traders as the proportion of the kernel in a 
measure of such grain is low and one gets bulk without weight. 

- ( 7 ) 'AwwScr of sinhelets. The nuinber of spikelets on a single ear-head is usually 

targe in types possessing short round shape of spikelets and less in those posses- 
sing long slender-shaped spikelets. The maximum number of 600 to 650 is found 
in mmhem (No. 66) from Uiiao district and the least of 80 to 90 in early broadcast 
(No, 132) which is universally grown all over the Province. In slender fine 
rices, e.g., bammati (No. 3) from Dehradiin, and Jcala Sukhdas (No. 23) from Banda, 
it ranges from. 150 to 300. Generally speaking, late ripening kinds have a greater 
niiinhcr than the early ripening, and broadcast types. (Table XI). There seems 
to be a close relationship between the number of branches and the niiniber of 
Spikelets on the ear-head. This is shown in Table XXIV. 


* Beale. R. A. ihuL, page 13. 
s Kikwa, S. ibid,, p. 22. 
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Table XXIV. 


Showing cmrelMion between numher of branches and nimiher of r pikelets in the main 

panicle. 


Strain No. 

Mean No. of 
bi’iinehes 

Mean No. of 
.‘spikelets 

Go-efficient of 
correlation 
between 
branches and 
si>ikeiets 

Remarks 

32 . 

:i5-4 

172 

0-78i0-02 

Correlation elose, 

23 .... 

13-8 

187 

0-69 ±0-03 1 

Bo. ; 

25 .... 

]4-5 

1G5 

0 05 i 0-03 

Bo. 

1 . 

14-7 

209 

0-G9±0 03 

Bo. 

07 . . . . 

TO-i) 

' 244 

0’7T.±0-03 

Bo, 


TiO obycjrvations were made in each ease, 

Tlic relaitioiisliij) !.ietwei>.n tilloriiig aaid the iniirilier of spikelc't;; s]io’,vn 

in I'aJ.lo XXV. 


Table XXV. 


Showing coffehUion between iUlering and number of spikclels in the main panicle. 


Strain No, 


M'ean No. of 
tillers 

Mean No. of 
spikelets 

Co-(;ffieieint of 
correlation 
between 
tillering and 
spikelets 

Remarks 

23 * . 


8-5 

187 

0'08±0 06 

Correlation negligible. 

1 . 


11-2 

209 

0-09 ±0-00 ; 

Do. 

25 . 


13-3 

165 

0-12 ±0-06 : 

Correlation slight. 

22 . . , 


8 

172 

0-45 db 0-05 

Correlation f:iirl3’’ 

close. 

67 . 


25-1 

244 ; 

0-05 ±0-06 

Correlation negligible. 


50 observations were made in each case. 


The amount of correlation within each pure strain varies much. In some 
it is negligible, while in others it is fairly close. 

(g) The weight of the spikelets. The finer rices weigh lighter than the coarse ones. 
The weight of spikelets from about 200 heads of a coarse type lay between 300 to 
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L^rarn, wliila a similar niiuilier of heads of a fine rha; weip;lu*{] het.stT-iai !i“»u 1o 
lQ) ariii. The \sei;vht; of the ordinary commercial rices of the United !h‘o\ ir)ee,-! 
|».‘r [00 yi-ains in tlie three typical representative groups is as foliows : - 

j. if road cast, coarse 2*4: grin. The figures in «'iu‘h case reprcscul ihe 

It Tritns[»iantcd line 2-11 grm. )- average of six va rid ies, 

•j. Trunspiauted coarse 2*58 grm. J 

According to Uopolaiidd it is 2-0 grm. per 100 grains of the ordiuai'y (‘.ommciuna,] 
rices iii, tlia Tldlippines. The following Table shows the relation betvvcrn thi^ wt-igld', 
of the panicles and the tillers. 

Table XXA'I. 


Skoiiituf co'nrlalion between nmuher of tillers and the 'weight of an amrage panicle. 


Sti’aiii JTo. 1 

Duration 

j Mean No. of 
i ti!lec4 

Moan "wii. of ! 

iiiVerai^e i 
; jia,iik!l(5 grrn. 

(io-f'OioiciuL of (MiTcv j 

iiitiou biitwa-yii j 

Mlt'rin'.': itml yield [ 

1 per pa.aiido j 

i ' 

RKRiAVKFi 

:22 . 

1 lato . 

i 

1 ^ 

330 

1 

0-51 ±0-05 

Correlation 

olose. 

fairly 

23 . 

do. 

i 8-5 

1 2-92 

—O' 11 ±0-00 

CoH’clatiou sligtkt. 

1 . 

! early 

n-2 

I 2-5 

i 

— 0-4 1± 0-05 

I 

' Correlation 
elofits. 

fiiii'iy 

25 

liite . 


2-(iS 1 

o-oi±o-oo 1 

Correlation i 

u-igligible. 

70 . 1 

V. late 

1 22-0 

4-21 

•~0-59±0-04 : 

Correlation 

eloso. 

fairly 


50 obf!ei’\''atioa.s were mado in o.aeli en,ae. 


Tiic auioiurii of correlation appears to var;v much. Tu some .sti-ains, it Jmrdly 
evists m is negligihlf', as in strain No. 25 and No. 23. In otlnns, e.g.. iji No. 1, 22 
and No. 70 it is fairly clo.se. The correlation also bet\\(>eii tin; luimlxir of tillers 
;u\d the yield ol’ grain, per average panicle within each pure strain, has laKm foimd 
to l>e negative in the majority of cases. 

{h ) nhe of the spikelets. The spikelets may be divid<«l ini.o thrc'.c grou ps ac.iaird- 
ing to their .size. ‘NSlejidei* ” spikelets in which the hmgtii is i.hrie.e or iiiorc than 


^ t'opwland, G. B. like, {ttiaw Ywk, 1924), 
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lijf- l«nig ” ifi wliicli lengtli is iiiotc than thf‘ InvinUk 

iJi.-Pi ;u!il “ siioii/' when ieiigth equals twice oi is less th.is; i-wiee 

lijf i.i‘i\ida'’u No* is i'oiiLit] in (hose Provinces in wh’ch tiie leiigili is ii’ss tluiii 

hi (.]i« h-'eadtii. The ske ol' the grain iiuty also ie expressed hy iLs iJire.' 

'jjjni'nsiens in', hu'ge, luediimi aiid sjnail and as the thickness oi iJie grain of a cia-tain 
sh--ij.o dot- iiuc ;-,lnew su(‘h oonshhn'ahie difference as its other t^vo diineiisunis. (/.c., 
length and hreadih) llic fiU'asnienient of length and breadth can slunv iln' rciaiivc 
si/a'. -ol a grail] wit!, tolerable accuracy. The division of rices aecoiding to their 
sizes is *vvn' iiSifdl ocoROhdeully, as diifereiit sizes have dilferwit values ariti useb 
in these Pr(A Inces. TJjc eliarai'ter has therefore been employed as ojie nl riit.* njaii] 
hea,ds in the [ae.-e.nt seh.oine of cl assiJl cation. 

(«) ( kenu i) (i) Size. The size of the kernel corresponds apjn'o.xiinately 

tip ’(he size, of the sjiLkeht eJid tin; grain may therefore be allowed to I'ali into tJie 
c.iiise gj^aqi-, in s, hieh the Sjukeiet-i are placed. The length of the gnihi ol <1 sleinlei 
snllifiei is I'nrif u or ma-re than three times the breiidths of a hmg spikcJet is more 
tliai! twii e the breadih aid of a short one equals twice or is less tiian twice tin* 
bi'eadtii. 

{>i} (‘alh, r uj llit> Aceording to the colour of the kernel, tlsM-ie.es fall 

itito I wo giaaq.s, the hr.d which is hy far the coimnonest in the L'niled liaH’iiices 
ic. of whit.) rices, while tlie seeoud ('O)itaiiis coloured rices. 1'iic colour in while 
varicii'-s foriar aimosi .1 chalky wiih.e to a truiisiuseent waxy white, somdinu's 
with pale \e]]('.wirtii oi- gcccnlsii iint, vvhiie among the coloured rices it. varies I’l-oin 
ligliL 1,0 de.cjj icd. jSo !)lack (lolouretl kernel is found in these ihovinccs. The 
colour ol the iojt-iicl luis no relation with that of the spikelet colom.’ (Table Vlll). 
We may get 4li!ib<‘erd coinbinatiojis such as : — 

1. Husk white, kernel red, e.p,, Type No. 114 Chambaawned from Saharanpnr. 

2. Musk white, kernel wdiite, e.ff., Ty;pe No. 18 Mtddeld a wired fi'om Tfnao. 

3. TTiisk coloured, kernel red, c.g., Type No. 119 Lohni from Jaimpur, 

4. Husk coloured, kernel white, e.g.^ Tj^pe No. 93 Lulsm' from Gouda, 

The grains of a plant are all white or all red. One does not come across, the 
ears of the Siiuie ]ii]anl. some having red and others white grains. The ciolour is 
contained in the periew'p and is removed in the process of polishing rice. According 
1,0 Mitra,^ reduess of the. kernel is dominant to whiteness and on crossing these 
segregate aceordieg to the Mendelian ratio. The mixture of coloured rices with 
tlie white ones spsjiir; the market value of the latter. The classification of rices, 
accordiug to iJu' coioiU' of their grain, is thus of considerable importance, as besitles 
})eing a conslaut clunxuiter, its presence or absence is of sufficient econom’u-. vahie 
in t-mde. The cliai'act.ci" Jam therefore been employed as the main head in the 
present, scheme of classihcal ion. 


Mitra, 8. K. ibiil , g. 
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1 . Scheme of dassijkation. 

Before giving the scheme we may summarize the various reasons for employing 
fclie characters of grain as the basis of the present scheme of classification. These 
are as follows 

(1) The characters of the grain are more constant than, and not siibjiM't to such 
anvironmental influences as, the vegetative and the agricultural c,]i!i,ra,ct(‘i‘H discussed 
before. The use of agricultural characters in a scheme of classiii cation demands 
a considerahle amount of caution. In a large area like the United Provinces with 
markedly different climatic conditions, where different systems of cultivation are 
in vogue, no hard and fast system of classification based either on vegetative or 
agricultural characters could be laid down. 

(2) Red grain is generally disliked and is considered inferior to the white one. 
Its admixture spoils the market value of white rices. Moreover, to get rid of red 
colour entirely, much labour is required in milling and also a considerable percentage 
of the outer farinaceous portion of the grain is lost. The classificaticn of rices 
according to the colour of the grain is thus of considerable importance. 

(3) A general preference is shown for rices which have a slender grain. Slender- 
ness is an essential quality for a rice to be counted as fine and this commands a 
large price in the market. Slender rices occupy a very important position in trade, 
either internal or foreign. The sizes, slender, long and short, signify the expensive- 
ness of the grain. The grouping of varieties thus according to the size of their 
grain has the advantage of classifying them according to their use in trade. 

(4) Rices are generally bought and sold on the character of the size of the grain. 
Slender ri(3es are considered the best table rices in, the United Provinces, big bold 
and coarse rices are generally fried and are .sold as such, while short round and 
medium tjqjes are consumed locally by poor classes. The classification according 
to size of the grain is thus very useful from the point of view of their general use 
and taste. 

Careful measurements of the length, the breadth and the thickness of the grain, 
with and without husk, were made with the help of a simple micrometre. These 
measurements along with the calculation of the ratio between the length and the 
breadth of the hulled grain have been employed for grouping the varieties and 
invariably enable one to deterinine the class to which a particular rice rightly 1)6- 
loiigs. It may be observed in the synopsis given below that there is overlapping 
in various mea,surements of lengths and breadths between different groups, but it 
will be found that the ratios between length and breadth do not overlap in any 
case. The grouping has been arranged according to these ratios. Experience 
shows that the ratio is a better means of distinguishing one group from another 
than the length or the breadth alone, as it gives one the idea of the shape of the 
grain as Aveli. Thus any variety, the grain of which has dimensions and ratios 
lying between the limits shown in the scheme given below, may be said to lielong 
to that group. 




Paddy 


PLATE V» 
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Conspectus of classification (hulled geajn) (Plate V). 

Division I. White Grain. 

Type Koa Total 

Group A. — 

Slender Grained. When the length is thrice or more than three times the 
breadth — 

(i) large length 7‘3 to 7'9 ; breadth 1*7 to l-S ; length is more than 4 

times the breadth . . . . . . . . . 1 to 3 (.1) 

(ii) medmm length 6-6 to 7-4 ; breadth L7 to ]'9 ; length is over 3'5 to 

4 times the breadth 4 to 11 (S) 

(iii) swjfl/Z length 5-2 to 7'4 ; breadth 1*7 to 2*4 ; length is 3 to 3-5 times 

the breadth . . . . . . . . . . 12 to 33 (22) 

GroupB.— 

Long Grained. When length is more than twice the breadth but less than 
til rice — 

(i) large length 5*4 to 7*4 ; breadth 1*8 to 2*5 ; length is over 2‘ii to 2*!J 

times the breadth . . . . . . . . . .‘M tool (21) 

(ii) medivm length 4*8 to 6*7 ; lircadth TO to 2*li ; length is over 2'3 to 

2-6 times the breadth ........ 53 to ti7 (13) 

(iii) small length 4-2 to (i-3 : breadth l-h to 2-S ; Icngtli is over 2 to 2*3 

times the breadth « . . . . . . . .38 to 82 (13) 

Group 0. — 

Short Grained. When length equahs twice or i.s less than twice the hrciidtli — 

(i) large length 4'0 to u-O ; breadth 2*0 to 2-!:t ; length is over T8 to 2 

times the breadth ......... 

(ii) medriim length 4'4 to 3-4; breiidth 2*() to 2*9 ; longtii is ovm: 1*0 to 

T8 timo.s tiio breadth ........ 

' (iii) small lotigth 3-3 to 4-4 ; breadth 2*2 to 2-1) ; length is T4 to TO times 
the breadth .......... 

Division II. Coloured {Red) Grain. 

Groiq) A. — 

Slender Grained. When length is thriee or more than tlirce times the 
breadth^ — 

(i) large None .......... 

(ii) medmm None .......... 

(iii) small length G-0 to 7'2 ; breadth 1-S to 2-1 ; ratio Do as in white 

grain . 

Group B. — 

Long Grained. When length is more than twice the bi'eadth hut less than 
thrice — 

(i) large length 3'85 to 7*1 ; breadth 2 01 to 2*5 ; ratio Do as in wdiito 

grain 

(ii) medium length O'S to 0*2 ; breadth 2*2 to-2*5 : ratio Do as in white 

grain 

(iii) small length 5T to 6*1 ; breadth 2*2 to 2*7 ; ratio Do as in white 

grain 

Group 0.' — 

Short Grained. When length equals twice or is loss than twice the breadth — 

(i) large length 4-5 to 5-2 ; breadth 2-2 to 2-6 ; ratio Do as in A^dnte 

grain . . . . . . 

(ii) medium length 3*74 to 2-2 ; breadth 2-23 to 2-9 ; ratio Do as in white 

grain ........... 

(iii) small None L'/l 


83 to 91) (17) 

100 to 103 (4) 

104 to 110 (7) 

A'iZ 

Nil 

111 to 112 (2) 

113 to lie (4) 

117 to 120 (4) 

121 to 128 (S) 

129 to 131 (3) 


(135) 


Total Nos. 


188 GLASSIFICATION & STUDY OF CHAEAOTERS OF OUI/riVATED KICi-IS, 0. 1*. 

The nieasuremeEts and important physical properties of ihc, imiiulkHl ioui linilcd 
grains of 135 varieties of the United Provinces, wiiisli tfu^ writer has evrstouta! ..sj.c' 
classified according to the above standards, are, shown i.n the 'I'abic in Uw 
Out of a total munber of about one thousand samples vddrli j‘oa,chcd tlu* ant dor’s 
hands from various parts of the Province as distinct varieties, and ifiOudcd Ji.bnost 
all the available types, only 135 varieties have been isolated fay sncc.cs.sive gnn?ih, 
as pure types, possessing constant characters. Thus the actiia.l nund)«u of [niro 
types cultivated in these Provinces is much smalltT ti-aii w fcit i;’. g«-ni'r;illy srifsijos-.-d. 
A few straj^ typos may have been missed out here and tlici'e, because sonietinie 
fresh kinds keep coming into the Province from Nepal territory and other ai’ljoiuing 
areas of the Ohamparaii districts and the Punjab. These arc diOhmIt to inc.ludc 
till they are grown on a. sufficiently large area foj’ a, mnuber of and arc cop,- 

sidered peroianently belonging to the Province. Tiie li.sts choisiranl iiuhido ahuoat 
all common established varieties cultivated in dilfeKint parts of !ho id'ti'vinc.o for a 
numlier of years. 

It is also important to measure the average volume of lU'clns, ftes-ause ilio siiio 
of the grain is most accurately ex|)rossed. by its voliune. These voliune.s are als(» 
given in the Table in the Appendix. The, ftlhnving 'I’ablc .shows how ih<\ product 
of the length by breadth of the luiiled grains iiarmouizes with its real vidioiie in 
average of difiereiit forms of which the lengih, the breaiith and the volume are 
measured. 

Table XXVII, 


Shoiving ihetdalion hekveen the ‘product of the length hy Immiih mid the volume {hulled 
gru/in). 


yisie of Iho grain 

No. of 
variel.ies 
averaged 

As’erago 

length 

mm. 

A'voragt! 

In-e.'idiii 

mm. 

" 

Prodiiol 
of .Lx B 

Votinui of 
i.ouo 

grain c.i:. 

of Bv; B 
c-‘ V 

p.'ij'Ke 

3 

7-.'>7 

i-70 

i.T::12 

i2-o.‘; 

MOfi 

rilouder . .< nihtliura . 

8 

6-U2 

1-87 

12 it-:! 

1,2-02 

1,1)22 

hamall 

24 

0-06 

2-U7 

i:5-78 

j.'i-M 

1 -(flS 

Hargi! . ; 

2S 

0-30 

2-20 : 

14-;5'7 

l.*5'fi.O 

l-OO'.l. 

L'*!!;: . iiKidiwin . i 

17 

O-KO 

2-32 ; 

, Ul-oi) 

12-74 

,1 -000 

! 

( simiil 

2:5 

S-fiO 

3-5fl i 

14-4:5 

}:i-)i:5 

!-or>s 

f iargo 

.Shorl; , . -j niodiiiui . 

1 j 

20 

r»-03 

■ 2-52 ^ 

12-07 

12-20 

!-o;:k 

8 

4-82 

2-70 

i;i-oi 

1 : 5*00 

l-UllU 

! amail . j 

7 

4-07 

24>;i 

10-70 


i 1-070 
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8. Tim shafe of kidled md nnhMled gmm (Plate VI). 

s-spealdng, tliero are six distinctive shapes found in the ITnited Provinces, 
Tfiese are i^howu as A B C D E E m the case of unhidled grain and a b c d e f in 
the. case of liiillcd grain respectively. ' In shape also the hulled grain usually follows 
fin* I’pikolet: mid may. therefore, be allowed to fail into the same classes in which 
ihe ;-,|ikeIels are placed. The long-grained rice is miieh more easily broken than 
J.-'se short-grained in the hulling and polishing operations and the rice mi.xed with 
brolcen gruiji cannot b<3 boiled uniformly. It is for these reasons that long-grained 
.rice, which is a popular table rice, is expensive if it is to be prepared free from 
bi'ohen grains. As the shape also has some connection with the process of ]Kdi.sliing 
juid tastej, such distiuciion is therefore useful. The distinctive shapes of various 
varieties liave bc.en. assigned to them in the Table in the Appendix.. 

The different varieties representing these shapes are as foliows 

Ta:b.le XXVIII. 


Shmvmg (Uffereni shipes of grains. 



DNtrici 

Su.-ifffi OF 

luihulied 

graiu 

1 REM..CEKS 

hulled 1 
grain j 

ja.nujhmin (No. 1) 

Sfiharanpiii’ . 

xi 

1 ^'1 

Cte«l (No. 2i) 

1 Rampor 

B 

1 ■ b .| 

dwj''® (No. 26) 

Gorathpur . 

G 

1 « 1 

Somlhi (No. 43) 

Eteh . , 

B . 

<1 i 

Snii Vizard (No. 72) 

I Bitapui* 

E 


Mamjai (No. i,J.O) , 

1 Alialiabad , 

F 

! f ! 

i i 


The following, description will elucidate further points about different shapes 


A, It may be called as fine. It is a long slender grain of tine appeara.nce, 

shape linear, apiculus very jjrominent and often curved. Kernol 
transliiceiit. 

B. It may be called as hold fine. It is a long slender grain but bolder and 

broader t.!ian A. Shape lanceolate. Apiculus prominent but often 
straight. Ifernel translucent. 

It may be called as nwdimn fine. It is usually slender grain of linear 
shape but it is of iiiediiiui size and is shorter in length than A. .Api- 
cidiis proiiiinent, straight or GU.rved. Kernel traiisiuoent. 
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I). It may be callerl as medium course. It is a short mcfliiim grain, hrosnh.'r 
and coarser than C. Shape obliquely obovate. Apiciilns ])r(miincnt 
often straight; Kernel usually translucent, somctmics with a, cliallvy 
deposit of abdominal white. 

E. It may be called as hoU coarse. Large broad grain of bold coarse, oature. 
Shape broadly eliptic. Apiculus end usually round with a beak. It 
is the ])oldest of all the types. Kernel usually showing chalky deposit 
of abdominal white. 

,F. It may be called as round. Short bold grain of round shape. Apiculus 
end round; abdominal white well developed and the grain often 
appears opaque. 

The varieties of class A are mostly cultivated in the western part of the Province 
where irrigation is practised. Some of them are fragrant and are the most 
popular table rices. They are consumed locally by rich people and are chiefly 
exported to the Punjab and other adjoining areas. When milled in an ordinary 
way, they give a product of fine appearance which is highly esteemed, but owing 
to their length and slenderness the breakage is very high. In order to overcome 
this defect, the parboiling process is usually adopted. 

Class B is milled either by parboiling or in ordinary way. The varieties of this 
class are better yielders than class A and go generally to the same markets. They 
are grown scattered all over the Province. 

Class C and D comprise by far the largest number of varieties and cover the 
largest area in the United Provinces. They are mostly consumed loca.lly and jire 
exported to Bombay, Bihar, Central Provinces and other adjoining areas. They 
constitute the most important class because of their universal cultivation all over 
the Province. The varieties are very mixed and red grain are common. 

Class E is probably second to class C and D as regards area under cultivation. 
Being bold and coarse, their use is different. They are generally fried and ar(3 sold, 
as such. The trade in this rice is mostly local. 

The varieties of class F are few in number. They are generally very good 
yielders and are more tasty. Because of well developed abdominal white, the 
milled product appears chalky. 

With regard to the utility of the grain, the rices may also be divided into the 
following tW'O groups ; — 

9. (a) Glutinous and Non-glutinous rice. 

The grain of the glutinous rice, when dried, becomes quite opaque, and its endos- 
perm shows a chalky white colour, as compared to the non-glutinous, which has 
a clear translucent grain. When the grain is cut into two, the former shows a 
dull white surface and is soft in nature, while the latter is hard and shows a traos 
lucent surface. The soft glutinous rice forms a sticky mass when cooked, while 
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the hard non-glutinous rice retains each kernel separate and is therefore considered 
to be of much better quality. jN^on-glntinous rice also mills better and stands 
shipment better than the glutinous. Economically the former is therefore more 
important than the latter. Kikwa,^ says that in Japan the use of glutinous rice 
is quite different from that of the non-glutinous rice. No example of glutinous 
rice has been fomid in the United Provinces and the work therefore is confined 
to the non-giutiiious rices only. 

9. (6) SeemUd, md ordinary rice. 

Some varieties of the rices of the United Provinces possess flavour and frag- 
rance in the grain as well as in the plant. The typical examples mb banstnati 
(No. 3) from Dehradun and AuiaswMrZas (No. 23) from Banda. Their fragrance 
is strong from about 20 days after transplanting to the flowering time in the field, 
and then afterwards in the grain, while cooking. The fragrant rices have always 
been valued so much that according to Watt, as quoted by Kikwa,^ a few fields 
of strongly scented-rice grown opposite the fort of Bara near Peshawar (N. W. F. P.) 
are watched for reserving the produce for the Kabul Sirdars. In the United Pro- 
vinces, bansmati is a famous table rice, and its popularity is chiefly due to its fine- 
ness of grain, and its fragrance. The scented rices are held in high steem throughout 
the Province and have a better market value. They deserve to be grouped by 
themselves, but the number is very few and the varieties being expensive, their 
demand is limited. It is therefore not worth having this character as the main 
distinction for classification. 

Two more characters of the grain deserve mention. These are as follows ; — 

10. Double grains. 

Some varieties of rice are said to contain more than one ovary in a spikelet, 
Graham^ reports two such kinds in the Central Provinces. Such varieties have 
been referred to by Col. D. Prain^ as Oryzu Satim var Plena. Tins ranks as a 
systematic variety like the rices with clustered spikelets, but the writer has had no 
opportunity of examining any specimen of such rice in the United Provinces. 

11. Abdominal white. 

In the middle ventral side of the grain of the non-glutinous rice, there exists 
a chalky white portion which is called abdominal white. According to Kikwa,® 


^ Kikw'ii, R. ibid, p. 23. 
a Kiku-n, S. ibid, p. 27. 

« Onihiiin. in J. 1>. ibid, p. 228. 

i'raiii, i). /h’lKjid pidfiih, 1184. 
■' ivikwa. 8. iidd, p. 2‘.k 
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is exists ie the glutinous rice also, but as the endosperm of the glutinous rice is 
uniformly cballcy-coloured, it is impossible to distinguish the abdominal white, 
and is therefore not spoken of with this group of rice. S. Tanaka quoted by Kikwa, 
states that the abdominal white results from the insufficient supply of nutritive 
matters to the grain at the ripening time. It is therefore an indication that a 
grain is immature and that the carbohydrate has not been converted into its 
most concentrated form. It generally occurs only slightly or is entirely absent in 
slender grains, and is often conspicuous in short and bold types of rices. Kikwa 
distinguishes between different types of abdominal white. It is rather difficult to 
make out the distinction of this character between different rices found in the 
United Provinces and its presence or absence in a portion of the endosperm as a 
basis for classification has nothing very much to recommend it. 

My thanks are due to M, Kabir Khan, member, Subordinate Agricultural Service, 
for the help rendered in the collection of varieties and for careful cultivation of 
various experimental plots required for this study duriog the course of six years. 
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V. Appendix. 

Cultivated rices of tlie United Provinces measured and classified according to 
the size and shape of the hulled grain. 
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DIX — contd. 



HULLED GRAIN | 
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1-71 
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7-50 

1-SO 
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1-93 

1-56 

3-80 

1-24 

a-b 

1-31 

1-807 
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0-69 

1-79 

1-02 

3-70 

1-10 

a 

1-06 

1-622 

1-433 

•818 

07-90 

2-190 

1-190 
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Inner glumes; show deep orange 
colour near ripening. 

The colour of outer glumes fades 
away near ripening. 

Fragrant and famous variety of the 
Dehradun district. Another 
variety of the same itualiticsf.i ms 
iwssesses short awns on stray spl- ^ 
kelets and is also called Bansmati. 


lied brown marking on inner 
glumes, more towards the 
outer surface. 


(ill) Small. 
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Colour of outer giuines fades 
away near ripening. Purple 
markings in some furrows on 
inner glumes. 
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Inner glumes have black purple 
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The degree of intensity of colour 
on inner glumes varies in 
different places. 
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Inner glumes are slightly shaded 
with light brown. 
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•810 Eragraat variety. The colour 
on inner glumes is more in- 
tense on the outer side. 

•763 Inner glumes show brown mark 
ings in furrows, la early stages 
of growth. 


•706 Inner glumes are spotted browa. 


! 1-18 1-682 1-419 -762 Inner gluiuea show faint purple 

markings in furrows when un- 
ripe ; colour gets intensifl-ed 
near ripening. 

1-10 1-565 1-425 -761 Inner glumes show yellowish red 

colour with brown and purple 
markings in the furrows. 

1-25 1-080 1-344 -803 Inner glumcH are spotted brown. 
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t 

j) 



(ii) JiL dmm 

5C 

Jabdo . . 

Hardol 

B 

9-66 

2-76 

2-16 

•6"-1-5" 

B-E 

w 

c 


bl. p 

67 

Kutika dhan . 

Jauupur 

L 

9-05 

2-83 

2-14 

t 

B-E 

I 

0 

w 



WHITE 6EA1H— 

(b) Lokq — conM. 

<i) Xflfffe—eontd. 

55'100 2-800 1-190 6-80 2-32 1-79 2-90 1-30 b-d 

37-770 2-037 1-233 0-09 2-05 1-01 2-90 1-20 c-d 

49-100 2-120 1-190 6-28 2-13 1-61 2-90 1-32 c-d 

28-870 2-638 1-222 6-34 2-25 1-72 2-8 1-31 d 


Inner glumes show develop- 
ment of brown markings ou: 
some splkelets near ripening. 


Iimor glumes show orange brown 
colour in the furrows when 
young. 

Inner glumes show pale green 
colour with brown markings 
in the furrows when young. 

Inner glumes show orown streaks. 
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59 Jjwj/ia , 

GO jRala shiikhdas 

(U liamjai . 

02 Shamgliata 


04 iMlkemri 

65 Ajan dhan 

66 Siimhem 

67 Parjati . 


. AUahabad . 
. Partabgarh 


. Fyzabad . 

. Banda , . 

. Unao . 

. Basti 


08 Khadey klianiandi , Nepal border 
69 liajarbonff . . Sultanpnr . 




1 




.9 




.9 



a 

3 


1 

1 

% 


s 2 

s 

& 

■s 

s 


1 a 

1 


§* 


L 8-27 2-67 1*02 

L 7-60 2-24 1‘73 

L 7-50 2-28 1-71 

V. L 7-34 2-27 1*76 

L 0-73 2-14 1-53 


L 8-41 2-60 1-88 

E 8-H 2-49 1-78 

L 7-02 2-44 1-82 -6*-; 

L 7-57 2-35 1-82 t 

L I 9-39 I 3'02 I 1-93 I .. 

L 8-56 2-33 2-05 


WHITE GEAIM 
(6) Long 
(0) Medium 


D 

p d. 0 . r 

same 



inner 

Si- 

C-D 

W 0 

l. 0 

t C-D 

P r, 0 . b r. b 

d.b 

C-D 

r p o. r. b 

0 . r 

.. C-D 

bl. p bl. 

bl. 

l''-3" D 

p d. 0 . r d. p 

d.p. 

.. D-E 

w 0 , r. 


D 

w c 


•6*-2'' D 

r.p. d.r. b b. r 

P 

t D 

r. P 1 0. b p 

P 


Nepal border . V. L 8-8 










Pkoporhoh 






1' ul 





BEIWBBN 



1 

!i>a 

• H 








6 

5 


s 

1 





« a 

1 1 


1 

S) 

o 

1 

1 

o 

!§ 

I'g 

R. 

.1 

:• ^g, ' 

.S' 

1 


s 

a ' 
£ 

a 

& 

"a 

1 

1 1 

S 

s 

I 

s 

1 al 

% OitM § 

aea 

001 

8 

I 


H 



> 

% 

g, aos, 


WHITE GRAIN— conWa 
(b) Lorn— condd. 

(U) Medium— contd. 

62-300 2-460 1-177 5-95 2-39 1-81 

39-000 1-780 1-093 5-34 2-11 1-64 

38-800 1-666 1-131 5-47 2-13 1-57 

62-306 1-720 1-136 6-41 2-15 1-58 

69-400 1-250 1-154 4-87 2-02 1-40 


, 36-760 2-461 1-180 6-03 2-43 l-70 


67-140 2-415 1-192 6-78 2-35 1-67 


1-06 1-405 1-323 
1 1-01 1-400 1-383 


-789 Inner glumes show brown sfereaks. 


75-150 1-920 1-212 
41-800 2-026 1-182 


6-44 2-24 1-63 
6-49 2-22 1-60 


-74 -985 1-325 -804 Inner glumes show more intense 

colour near the tip and on the 
outer surface. The colour of 
inner glumes is black when 
young ; slightly fading away 
near ripening. Apiculus has 
the same colour as the Inner 
glumes. 

1-28 1-780 1-387 -723 Inner glumes show light orange 

colour when young. It becomes 
deep orange red near ripening. 
The spikelets near the base 
of the ear show faint colour 
and possess short awns. 

1-41 1-970 1-394 -829 

1-23 1-717 1-388 -711 

1-04 1-500 1-438 -781 

I 1-06 1-500 1-411 -740 


(Hi) Smalh 

I 37-860 1 2-960 1 1-087 I 0-34 ] 2-08 j 1-76 I 
47 300 2-680 1-200 6-07 2-03 1-85 


1-72 2-245 j 1-300 
1-47 2-080 1-412 


•707 Outer glumes show orange brown 
colour near ripening. Tins 
colour on the inner glumes 
is lighter in young spikelets, 
and becomes more intense in 
the furrows than on the ridges. 
The colouration on the ear- 
head starts from top down- 
wards. Apiculus shows Mack 
colour near ripening . 


55-20 2-950 1-188 6-10 2-67 1-88 2-3 1-42 d-e 1-68 2-32 1-380 -786 
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IJNliULLIil) 










Goiiouitoir 


Populur name 

District 




Thickness m/m 

1 ■' 









1 

Length m/m 

Breadth m/m 

i 

“S 

Shape 

Outer glumes 

Inner glumes 

1 



WHITE (UIAIN 


71 

Qauria . 

Bareilly . 


E 

8-23 

2-65 

1>99 


D-E 

r.p 

c 


d. p 

72 

Soneszard 

Sitapur 


L 

8-54 

3'10 

2-10 


E 

r. p 

d. 1. 0 

r 

P 

73 

SMamzeera . . 

Hardoi 


E 

8-15 

2-77 

1-07 

some. 

D-E 

w 

0 



74 

Suapanhhi 

Sitapur 


L 

8-45 

2-71 

1-99 


D-E 

w 

dl. r. b 


d. p 

76 

Gunchchai . 

Shalijahaupur 


L 

7-30 

2-48 

1'85 


D 

w 

0 



70 

Itatho . 

Allahabad . 


L 

8-60 

3-04 

2-07 


E 

w 

1. 0. b 



77 

likalain 

Garhwal 


E 

7-80 

2-51 

1-96 


D-E 

r-P 

c 


r. P 

78 

Anandi . 

Naiuital . 


M 

8'52 

2-97 

1-98 


D-E 

w 

c 



70 

liamphool 

Sultanpur . 


L 

8-13 

2-12 

1-76 


C-D 

0. 1) 

c 


bl. p 

SO 

Tkapamasec . 

Nepal border 


E 

7-94 

2-70 

1-89 


D-E 

w 

c 


d. 11 

81 

AUwa . 

Basti 


L 

7-50 

2-57 

1>87 


D-E 

w 

0 . r 



82 

liamkalem . 

Mirzapur , 


L 

0-12 

2-07 

6>52 


C-E 

Vf 

c 



83 

SudarsJiana . 

t.!awiipore . 


L 

7-95 

2-89 

2-15 


E 

r. p 

(11. c 

(c: 

( 

r.p 

) Siioiu' 

1 ) lam 

1 p 

84 

Jardimi . 

Ciitvnpore . 


E 

7*48 

■ 2-77 

1-9S 


E 

w 

c 


p 

85 

Pallia toli 

Nf'jial border 


M 

7-22 

2-70 i 

1-07 


D 

w 

e 


d. p 

86 

liamMjra 

Gouda 


M 

7-20 

2-73 

1-81 

t 

D-F 

1 w' 

e 

P 

d. p 

87 

Safeda . , 

Hardoi 


■ ■ i 

M 

7-45 

2-68 

1-87 


D-E 

w 

c 



88 

Ohakia . . . 

Eyzivbad . 


L 

8-19 

8-12 

2-lS 

'■ t 

E 

NV 

c 

w 


89 

Mcisra . 

El ah . . 


E 

7-80 

S-01 

2a3 


D-E 

l.P 

c 


bl. 

90 

Kalonji . . . 

Jhaiisi 


M 

7-43 

2-79 

1-97 


T) 

r. p 

e 


(1. p 

91 

Shatao marsee 

Nt^pal border 


M 

7-38 

2-78 

1-94 


D-E 

w 

0 



92 

SondM . 

Badaim 


L 

7-14 

2-80 

1-84 


D-E 


<• 


!. (1 



SETHI AND SAXENA 


203 





Small. 


4S-580 

2-860 

1-222 

5-71 

2-4S 

1-82 

2-3 

1-36 

d-e 

1-61 

2-145 

1-415 

•750 

The cfilmir of outer E;lumeft fades 
iiwiiy near riponhiR. 

56-540 

3-190 

1-158 

0-24 

2-Sl 

1-9S 

2-2 

1-41 

e 

1-S2 

2-54 

1-393 

•796 


't8'73 

2-743 

1-200 

5-75 

2-60 

1-75 

2-2 

1-48 

d-o 

1-47 

2-025 

1-374 

•738 


48-600 

2-700 

1-142 

5-84 

2-01 

1-82 

2-2 

1-43 

« 

1-47 

2-080 

1-412 

•770 

The outer Rlnmes are white and 
long : reaehing the tip of 

the spikelets. 

55-700 

1-96 

1-150 

5-30 

2-32 

1-03 

2-2 

1-42 

d 

1-07 

1-52 

1-416 

•724 


00-550 

2-94 

1-170 

6-09 

2-86 

1-90 

2-1 

1-50 

0 

1*72 

2-390 

1-387 

•812 


18-800 

2-315 

1-140 

5-50 

2-58 

1-74 

2-1 

1-48 

d-e 

1-33 

1-795 

1-349 

•775 


25-550 

2-710 

1-101 

: 5-61 

2-03 

1-79 

2-1 

1-47 

d-e 

1-34 

1-870 

1-390 

•090 

Inner Rlnines are dotted brown. 

46-600 

1-750 

1-180 

5-88 

2-075 

1-57 

2-1 

1-82 

c-e 

-95 

1-350 

1-416 

•770 


2S-400 

2-425 

1-180 

5-49 

2-58 

1-72 

2-1 

1-47 

d-c 

1-27 

1-790 

1-403 

•738 


aa-400 

2-23 

1-179 

5-25 

2-40 

1-70 

2-1 

1-41 

d-o 

1-24 

1-760 

1-416 

•789 


40-600 

(e) SHOET 

(i) /’.ff/fi'c. 

1-185 

1-136 

4-24 

1-98 

1-49 

2-1 

1-32 

c-f 

•66 

•950 

1-432 

•801 


42-300 j 

2-075 

I’OSO 

1 5-07 

2-78 

2-02 


1-37 

e 

1-56 

2-0S5 

1-329 

•779 1 


52-400 

,,2-41 , 

1-196 

5-45 

2-63 

1-85 

2 1 

1-42 

c 

1-32 

1-857 

1-404 

•770 

Inner glumes are streaked brown. 

4:1-870 

2-172 

1-212 

5-26 

i 2-61 

1-79 

2 

1-45 

1 ‘1 

1-19 

1-71 

1 1-437 

1 


11-95 

1-89 

1-179 

5-01 

2-43 

1-69 

2 

1-46 

1 

d-l 

1-09 

1-48 

1-354 

•783 

The variety is generally sown 
broadcast. Some of the outer 
glumes show pinlc colour. Api- 
culus colour fades away near 
ripening. 

11-22 

2-06 

1-181 

5-29 

2-48 

1-70 

2 

1-45 

d-f 

1-20 

1-610 

1-338 

•781 

The varieiy is generally sown 
broadcast. 

52-300 

8-000 

1-148 

5-69 

2-98 

1-69 

1-0 

1-49 

e 

1-71 

2-42 

1-441 

•806 

Inner gluioe.s doited brown. 

1 43-91)0 

2-6S5 

1-199 

5-45 

2-81 

1-94 

1-0 

1-44 

d-l 

1-53 

2-072 

1-354 

•771 


SS-ICO 

2-245 

1-197 

5-25 

2-64 

1-79 

1-9 

1-47 

d 

1-24 

1-785 

1-439 

•795 


21-000 

2-005 

1-998 

5-17 

2-64 

1-7.^ 

1-9 

1-49 

d-l 

1-17 

1-634 

1-391 

•791 


lo-fiso 

2-065 

1-175 

6-14 

2-61 

i-las 

1-9 

-1-60 

d-l 

1-12 

1-620 

1-445 

•773 

8ome inner glumes shown brown 
dots. 
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WHITE aEAIN 
(c) 8uoi;t 
<1) Large 


93 

Mulmnri agnlini 


Jaiinpiir . 


L 

7-36 

2-82 

1-99 

tiny 
bits to 

D-i’ 

r. p 

dl. 0 

r. p 

d.p. 

04 

Kaladhan . 




L 

7-68 

2-06 

213 

- 

E 

w 

dl. 0 


P 

95 

Samhera 


Unao 


L 

C-85 

2-68 

1-93 

r-2'' 

D-F 

r, p 

1. r. b 

r. b 

P 

96 

AlitnM . . 


Banda 


E 

5-52 

2-09 

1*44 

... 

C-B 

w 

cl. 0 . r 



07 ' 

JDhan kammun 


Nainltal 


L 

C-30 

2-40 

1-81 


B-F 

l.P 

1. 0, b 


bl. 

98 

Kaniiktir pita 


Jaunpiir 


V. L 

604 

2-21 

1-03 

- 

B-F 

w 

0 . r. b 


P 

09 

Kanukzlr 


Nopal bordor 


V. L 

5-95 

2-23 

1-C7 

- 

F 

bl. p 

bl, p 


bl. p 


(il) Medium 


100 

Jihendot . . I 

i Azaingarh . 


L 

7-79 1 

3-24 

2-44 


E 

w 

1, 0 


P 

101 

Rahmanwan , . j 

.Kheri 


L 

7-02 

2-73 

1-97 

.. 

E-F 

1. r 

dl. c 


r. b 

102 

Mutmuri . . i 

Allahabad . 


M 

0-70 

2-90 

1-94 

t 

B-F 

l.r 

c 

P 

P 

103 

Paoni . 

.ThansI . 

• 

M 

6-47 1 

2-84 

1-07 


B 

w 

dl. o. r 




104 

Gala 


Nepal border 


L 

0-12 

2-C3 

1*73 


B-F 

w 




105 

JJhani . 


Mainpuri . 


L 

0-60 

2-71 

1-99 

•5''-2' 

B-F 

r. P 

dl. c 

r. p 

r. p 

IOC 

Garvi . 


Nainital . 


M 

5-39 

2-47 

1-92 


F 

r. p 

bl. 


bl. r 

107 

Alahoki . 


Azaingarh . 


L 

6-63 

3-05 

1>99 


F 


c 



108 

Gain gode marsee 


Nepal border 


M 

5-61 

2-75 

2-01 


P 

\y 

dl. 0. b 



109 

Nania . 


Lueknow . 


It 1 

6-27 

3-15 

2-02 


F 

w 




110 

Ramjai 


Allahabad » 


1 

G-50 

2-04 

1-00 


F 


1 ^ 


p. J) 



SETHI AND SAXENA 


HULLED GHAUT 


GEAIN 


\Yn;TT!^ G !{ AIN— concM. 


Some iBner glumes show dull 
appearauee. 


Outer glumes show purido colour 
near ripening. Inner glumes 
show purple colour in the furrows, 
which fades away near ripening. 

The. colour of inner ghimes fades 
away near ripening. 


Inner Klume.s show' hrowa dots 
when young. 


I 19*600 1 1* 
(ii) mdinm. 
1 67*72 1 3 


The variety is generally sown 
broadcast. 

The variety is generally sown 
broadcast. Inner glumes show 
palo yellow mottllngs in furrows. 


(Hi) Small. 
I 31-900 j 


782 j Some inner glumes show brown 
dots. 


Inner glumes show blachish purple 
mottling, s which get intensified 
near ripening. 


The variety is generally sown 
broadcast. 

Outer glumes show light red colour 
near ripening. Inner glumes 
show a little hrowniah shade. 
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irN:i:nTLT.E:D 










I COMITR Ot' 

Type ' 
No. , 

Po.ptilar natno . 

District 





1 

.a 

a 









a 

a 

I 

t 

a 

I 

I 

"S 


1 

1 






1 

t j 

1 

1 

t 

1 

& 

U 1 


1 




a 

fi 


1 

1 

s 

1 ^ 

‘ O 

1 

M 1 



ir. RED GEAfN 
(a) Sleniieii 
(lii) Ftmall 


111 ; 

1 Dodo . . 

j Garhwal 


1 10-20 

1 2-39 

j 1-95 


1 

1 

j b. y 



112 

[ Bammati 

1 Sivliaranpiir • 

1 M 

1 8-71 

1 2-02 

1 1-04 


1 A-0 


1 

{ 

( 

b) LONO 

;i) lam 

113 

Kapoor sari . 

Mirzapur . 

M 

8-18 

2-22 

1-42 


D 

w 

(11, 0. b 


l p. 

114 

Chnmbha (a^-aod) . 

Saliaranpiir 

E 

9-08 

2-70 

2-07 

tiny 

bits 

tol-r>" 

B-D 

■w 


w 


116 

Oumliclmi 

Basil . . 

V. L 

8-90 

2-47 

1-75 


B-D 

w 

1. 0, r 



116 

Agahni safed . 

Ballia 

L 

9-32 

2-01 

2-04 

- 

B-D 


(11. e 

<il) 

Midettm 

117 ' 

SnnTchen'hit . ■ j 

Nainital . . | 

E 

8-01 j 

2-42 1 

1-73 


D 

w 

(1.0. r 1 

- 


118 1 

Falmn or mahcsMn . 

Etah . 

E 

S-57 

2-57 

1-95 


D 

w 

« 



119 ' 

Lolini . . 

JauTipur 

L 

8-5 ! 

2-45 

1-77 


D 

w 

1. 0 . r 



120 

Kato toll 

Nepal border . 

E 

8-63 

2-C4 

1-87 


D-E ■ 

w 

bl. 

(ill 

, 

) I'maii 

121 j 

Ram Jcafra . * ] 

j Allahabad . . 

M 

j y-oo 

2-62 

1*7? 


1 

1 d. r. p 

j dl. 1) 


bl. b 

122 1 

IJacdhn . , . 

Naiuital 

E 

1 8-G1 

2-84 

2-00 


D-E 

d, p 

c 



123 

Bansmali . - i 

Allahabad . 

M 

! ■ 7-14 

2-S4 

1-80 

' 


D 

w 

0 , r 



124 1 

Ram kajra . . j 

Gonda 

E 

■ ■ 

1 7-83 

2-94 

2-05 


E , 

d. p 

« 


bl. 

126 

Anandisarya . j 

Nepal border . 

V.L 

8-31 

2-09 

1-90 


B 

w 

d. 0 . r 



126 

Anjana , 

Dchradnn . . 

1 E 

i 8-31 

2-81 

1-94 


D 

w 






SEIHI AND SAJSESA 
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LIBRARY. 


Thp variety is generally sown 
broadcast. 


Inner glumes sliow broim mark* 
ings. 


Some inner glumes show onlv doep> 
brown colour. 


Inner glnnjes show a shade of iigM 
orange colour. 


Inner «lunre.s show light dull brown- 
markings in furrow's. 


DIX — contd. 



1 


■■W 

.5 


s 

g 



■ o' 

& 


*s 

■g 

1 


1 

1 

1 

$ 



ir. HKD GEAIN. 
(a) Slender. 

(iii) SmaU. 


1 36'80 

j 2-857 

1 1-196 j 

1 1 

1 2-19 j 

I 1-78 1 

I 3-3 I 

: 1-23 j 

1 b 1 

1 1-57 ] 

1 2-202 

1 1-394 1 

1 -770 1 

1 36-00 

I 1-595 

1 1-160 1 

1 7-21 J 

* 2-40 1 

1 1-81 j 

3-2 j 

1-32 j 

a-c 

1 -94 i 

1 1-275 

[ 1-352 1 

•799 1 

(b) Lon«, 

(i) Zarffe. 

10-10 

1-720 

1-344 

5*85 

2-01 

1*49 

2-9 

1-34 

d 

•87 

1-SlO 

1-346 

•761 

30-80 

.3-286 

1-188 

Ml 

2-51 

1-89 

2-8 

1-82 

b-d 

1-84 

2-592 

1-407 

•789 

2M0 

2-270 

1-100 , 

6-6 

2-28 

1-57 

2-8 

1-46 

b-d 

1-24 

1-705 

1-366 

•751 

68-70 j 

■ '■ 

j 2-786 j 

1-164 

■ 6-47 

2-38 j 

1-Sl 

2-7 

1*81 

■b-d j 

1-57 j 

2-110 j 

1-341 

- -771 


markings, more in the furrows. 


Inner glumes are streaked brown. 
Spikelets arise in whorls mostly 
in groups of three. 


Inner glumes show brown mark- 


The variety is ctmerally sown 
broadcast. Inner glumes show 
Mack purple dots in grooves. 


The variety is generally sown, 
broadcast. 

Inner glumes show brown dots. 


HULLED GHAIN 



OLiSSITOATION & StTOY OS OHAEAOTEM OS OOLOTATEO EICES, 0 


Blstrlct 


Popular name 


J.1. RAID (il 


Siiltanpti 


(c) SU0il5 
(i) Largfi 
, I same 1 


Partahsarli 


Kmak’Ar 


BareillF 


bl(tck).\ Ghazipnr 


(il) Mediturt 


Saharanpur 


132 1 SodM {black awned) 


Sathifwlilte avrned).! Saharnnpur 


Earabanki 


1S4 Ramkajra 


Allahabad 


las DilbaUshi 




SETHI AND SAXENA 


DIX — conoid. 


HULLED GRAIN 


GRAIN 


PaOPORTIOS 

BETWEEN 


WEIGHT 


RBSIAaS-S 


■RED QUAlN—conia. 


-contd. 


he rarjerj- rs C'-neraiiy sowa 
broarleast. Inner gUiniea show 
dark brown dots in turrowa. 


(f) SHORT, 
(I) Zarffe. 


1-30 1-760 1-3M -735 The variety Is generally 

broadcast. 


’87 The variety is the famous broad- 
cast type of the United Pro- 
vinces. 

Apicnius red purple when young; 
blact when ripe. 


(li) .Uetlium, 


The variety is tlic famous broad- 
cast type of the United Pro- 
vinces. 

Awns are white when young; 
turning black near riponhig. 
Apicuhis is purple wiien young 
becomes black near ripening. 


he variety is the famous broad- 
cast type of the United Pro- 
vinces. Inner glume? are streak- 
ed dirty brown in furrows. 


Inner gliiraes siiQwii 
markings when yo 
fade away near ripe 


MGIPC— M— III-l-lSS— G-8-30— 600. 




PREFACE. 


Conerai breeding work and a study of the inheritance of certain characters of the 
rice plant were started at Coimbatore by Parnell in the year 1914. He published 
his early work on some of the simple cases in Memoirs of the Department of Agri- 
culture, India, Botanical Series, Volume IX, No. 2, and Volume XI, No. 8. Ho 
had other more complicated oases imder iiwestigation and a great deal of valuable 
material has aociimulated which Parnell intended to write up. In 1924, however, 
he left India suddenly to take up the post of Cotton Breeder under the Empire 
Cotton Growers’ Corporation in South Africa. He took the records away with 
him but was unable to deal with them, and they were returned to Coimhatore 
in 1926. In the same year the writer went to England for further studies, and the 
rapid expansion of the Paddy Section made it impossible for R. 0. liiffe, who had 
succeeded Parnell, to collate the records and prepare them for publication. As 
other work of the section was waiting for publication and as other writers were 
already dealing with some, of the subjects, the Government of Madras agreed to 
XJUt the writer on special duty for six months on Ms return from England to deal 
with these records, and the work is now in progress. They will form separate 
issues of these Memoirs. 

The present paper records work done after the departure of Parnell when the 
writer was in charge of the Paddy Section before he left for England. The work 
was nearing completion by that time and the writer is indebted to Iliffe for allowing 
him to include in this publication some of the results obtained in the 1926-27 season, 
and also for suggestions offered. 

Acknowledgments are also due, in no small measure, to the senior assistants, 
S. Jobitharaj and S. Dharmaliiiga Mudaliar, to whom much of the field work is 
due. 


K. RAMIAH. 





plate i, 


1. Segregation for habit 








l^OTE. 


In Plates VII and VIII tlie colours are not quite true to tlie originals : in plate 
VII botli seedlingvS are lighter in colour than the originals and the yellow seedlings 
should show a more definite green tinge. In plate VIII the ripe grain with the 
purple glume should be much darker. In Plate IX the lower figure does not show 
the chimera clearly ; in the original the i^urpie glumes were much darker. 
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1. Inheiritance of Habit in Sice. 

Introduction. 

Tlio cliaracters in wliicli tlie rice varieties differ from each, other are extremely 
varied. On the one hand, we have morphological character, s affecting the colour, 
size, shape, etc., of various parts of the plant ; on the other hand, are such physio- 
logical characters as determine water requirement, length of duration, vigour, etc. 
The variations shown in some of these characters have been made use of by several 
authors in attempting the classification of rices. An examination of different 
varieties of rice reveals an interesting range of variation with regard to habit. By 
the term “ habit ” is here meant the manner of arrangement in nature, of the tillers, 
and the magnitude of their inclination to the vertical plane. At one extreme we 
have the real wild rices where the shoots actually creep along the surface in the 
early stages, a typical procumbent habit, and at the other extreme we liave some 
cultivated forms where the tillers rise absolutely vertically and remain so until the 
finish of the reproductive phase. 

Attempts were made as early as 1916-17, when Parnell was the Government 
Bconomio Botanist at Coimbatore, to study the inheritance of the procumbent 
habit associated with the wild rices, by isolating and growing some of the natural 
crosses observed in the plot of the semi- wild rices at the Paddy Breeding Station, 
Coimbatore. Plate I, fig. 1 shows the different types that were noticed in the 
progenies, the central one being the procumbent type. The magnitude of the angle 
of deviation from the vertical of the tillers of each plant was measured by a specially 
made protractor. Though there were indications in the ratios obtained that the 
procumbent habit was a Mendelian dominant, there appeared to be no clue to the 
number of factors involved. The work was, however, unfitrtnnately not pursued. 

So far as the cultivated rices are concerned two distinct habits of growth can 
1)0 made out. In one the stems or tillers are closely grouped togetlier and main- 
tain an almost vertical— the compact habit. In the other the tillers spread out and 
are inclLiied in varying degree to the vertical, exhibiting the spreading habit. Plate I, 
fig. 2 represents two pure lines with the spreading and compciGt habits respectively 

( 211 ) 



Material and procedure of investjuation, 

Altlioiigh rice is essentially a self-fert;ilised crop, natural cross pollination lias 
been noted to occur by various workers, and in Cloinibatore the ^lercentage of natural 
crossing has been estimated to vary from 0*1 to 3-0.® But later work has shown 
that this may go up to even 6 to 7 per cent, under very favourable circumstances. 
Erom the very beginning of the rice breeding work in Coimbatore, it has })een the 
practice to examine carefully the collections of pure lines and to isolatii the aberrant 
types occurring in them for further study. It is from such study tluit most of the 
published results ^ ® about inheritance of simple characters were obtaiiu'd. 

Wherever it was found necessary, the results obtained from the study of the natural 
crosses were later confirmed by making definite crosse.s with known ]>ar(mts. The 
same method was adopted for the study of the liabit inheritance. 

It must be stated that the angle which the tillers make wdth tlu‘, vertie.al doi'S 
not always remain constant. Even in varieties with pa.rtially procumbent habit, 
there is a tendency for the shoots to bend at the second and the third nodes above', 
ground or water level and become vertical above that region, just at the commence- 
ment of the flowering stage of the plant. When the seeds are all set and getting 
ripe, the tillers again bend over and assume a semi-procumbent habit. Plate II, 
and Plate III, fig. 1 are photographs of two plants of a semi-wild rice taken 
at three stages of development, tillering stage, flowering stage, and rij)ening 
stage. With such variations occurring in all the rices, thougli not to the same de- 
gree, it was considered desirable to confine the observations on habit to the flower- 
ing stage only and all the results mentioned in this note refer only to such obscawa- 
tions. 

In the year 1923-24, the Pg of a natural cross isolated from the vfiri(ity T. 298 
was grown fdr the study of inheritance of the type of panicle, lax and (l(uis(^ Since 
the numbers were not large enough to throw definite liglit on the problem, it was 
decided to grow the whole progeny of the 81 plants as in 1924-26. Though tluise 
were mainly intended for a study of variation in panicle type, it w^as incidentally 
observed in the initial stages of the crop that there was considerable variation 
in the habit of the plants in the difierent families. An attempt was made to (flassify 
the plants individually as spreading and compact in each family. Plate III, fig. 2 
depicts the range of variation in habit obtained in the group, TluRigh in tlie l>e- 

^ Bealo, R. A. A scheme of olassifioafcion of the varieties of rico found in Burma. l‘um Aqri- 
cvltural Eesearch Imtituie Bulletin 

a Parnell, F,R.,Eangaswami Ayyangar,G.N., and Raimah,K. Tho Inheritance of fJliaracters 
m Rice. Mem. Dept. Agn. Iruka, Botanical Series, Vol. IX, No. 2. 

2 & s PameU, F. R., Rangaswami Ayyangar, Q. N. and Ramiah, K. “ The Inheritance of Oharac- 
ters m Rice, Mem. Dept, Agri. India, Botanical Series, Volume IX, No. 2, Vol. XI, No. 8, 


growing in adjacent plots. Beale ^ has recognized tlie existence of the-se two 
types in his scheme of classification of Burma rices. The subj(3(it maiitor of tliis 
note deals with the investigations on the inheritance of tlu'.se. two liubiis in tlu- 
cultivated rices. 
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Two plants of a semi-wild rice photograplied at different stages of development. Note the change 
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giiinijig attempts were made to classify different groups according to their degree 
of spreading, the procedure was abandoned eventually, owing to tlie difficulties of 
delining the class limits. Only two were mamtained, one the typical compact group, 
and the oth(?r cornjiosiug all the different grades of the spratlrng habit. 

The total nuiniHU* of families examined for the character were 81 of wlii<.di — 

19 lu’ed pure for the .yrrmding habit, 

21 bred pure for the con/pflcf- habit, and 
41 segregated giving the two types. 

The 41 segregatmg families gave a total of— . 


— 

i Spreadmg 

CmnpaU 

Deviation 

Deviation 
'■ : S. E.* 


6,524 

1,080 



Cnl3:l. . 

5,403 

1,801 

121 

3-3 


The ratios definitely indicate that the spreading habit is a simple dominant over the 
compact habit. In the same year the FgS of two other families—natural crosses 
again — isolated from a pure line with the compact habit were found to segregate 
for the habit and the ratios obtained are given belown 


Family No. 

Spreading 

Compact 


6639 

575 

210 


5640 

535 

239 

Dev 

Totau 

1,110 

449 

: ' ' 8.15. 

Cal. 3:1 . 

1,170 

389 

60 3-5 


To get further comfirmatory results, one of the Fg families of the first 41 segregating 
lots, No. 5622, which gave 154 spreading to 54 compact was selected, and the whole 
progeny was grown in 1925-26 season, planting about 110 seedling plants from every 
Fg progenitor plant. Only 204 F 4 families were actiiaily raised, and it was found 
that of these — 

47 bred xJure for the spreading habit, 

49 bred pure for the compact habit, .and 
108 segregated for the two types. 

* The standard error was calculated from the formula S. E.=: -v/jicih, where p and q are the expected 
ratios, and n the number of observations. 


i 
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The ratios obtained for the 108 segregating families were — 



Spreading 

9,277 

9,335 


Compact 

3,170 

3,112 


Deviation 


Deviation 


While the F^s and the F^s did not give a very good 3 : 1 ratio, the ratios of the F^s 
are considerably closer. 

With the knowledge that the sprefzding and compact habits form a simple pair 
of Meiidelian allelomorphs, several of the pure lines wdth the typical compact liabih 
had been gone over carefully in the previous season for the oc!c,urrence of natui al 
hybrids with the spreading habit. The examination had resulted in the obtaining 
half a dozen aberrant types which, when grown as FgS in 1925-26, gave ratios 
given below — 


Deviation 

b* ill. 

5 0-03 


In addition to the information obtained from the study of the natural crosses 
definite cross was made between tw ’'0 types— the probable pariiuts of the origijiai 

^ ’ with the F;j: iti 

habit like the 


The behaviour of all the above families selected from four difi’arent varieties gives 
additional confirmatory evidence as to the simple recessive nature of the compact 
habit. 


Confirmatory evidence. 


Isolated 
from pure 
lino 

T. 2447 
E. B. 143 
320 
320 

320 

321 


Spreading 


194 

169 

218 

204 

199 

194 

1,178 

1,183 


Compact 


Family No. 
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S'premUrui parent. Three Fg families, all selfed material, were raised in 1926-27 
and the table below gives tlie ratios obtained. 


Family No. 

Spreading 

Gompact 


654!) 

486 

163 



6650 

1 441 

169 



6661 . , .. . 

446 

143 



Total 

1,371 ' 

476 

Dev. , j 

Dev. 

Val 3 :1 . . . 

1,385 

461 

.. 1 ! 

1 

S7X“ 

, 0-75 


An attempt was made to reduce the characters to actual measurements. A 
specially devised protractor was used to measure the angle of deviation from the 
v^ertical which the tillers make in each plant. A line of each of the ])arents had becui 
planted both at the Fj and Fg stages. In one of the Fg families, No. 6551, the 
angles were measured for the plants with the two habits of growth separately. 
The details of the measurements are given below— 



Range of 
variation of the 
angle measured 
in degrees 

1 

Mean angle of 
deviation 

Co-efficient of 
variability 

T. 10. Compa<5t Parent 



4 to 11 

7-68±-39 

26-4 

T. 27. Spreading Parent . 



16 to 28 

21-00 ±-62 

12-4 

p; . . . . . 



(about) 20 



Pjj Compact group 



2 to 14 

7-88 ±*26 

! 36-6 

Spreading group . . . 



6 to 33 

16-93 i -22 

26-9 


The compact group of the Fg generation is found to have the same mean angle 
of deviation as the compact parent. The phenomenon of “ shift ” usually charac- 
teristic of quantitative characters is not evident. The smaller mean angle of the 
spreading group of the Fg generation as compared to the spreading parent would 
seem to indicate that the heterozygous group should have a smaller angle than the 
homozygous. This difference was, however, not evident for eye judgment. 

The anatomy of the two types has not been studied, but a rough examination 
shows that in the compact type all the lowermost internodes are very much sup- 
pressed, and that it is impossible to trace the origin and the sequence of formation 
of the successive tillers. In the spreading type, on the other hand, the internodes 
are comparatively longer and the sequence of tiller formation can be made out 
by dissection of the parts. It is generally found that varieties with the compact 
habit do not lodge when ripe to the same extent as the spreading types do. De» 
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tailed histological iavestigations upon tlie njlatioii betw(;oii tin*. tIiMfaihutioti of tin, 
siilerenoliymatous tissiityia tlie stem and the compact aii<l symtiUap imi.urd .‘issiiitHHi 
by the plant might prove intereKSting. 

Summary. 

All examination of the different varieties of eultivatfai gnnving In (.he natural 
condition has revealed a considerable range of variation with regju’d tins mautuM- 
of the arrangement of the tillers, and the posture sissunied by the ]»la.ut. Two 
definite types, one having a spreading arrangement, and the otluu.’ a compact arrjuige- 
ment of the tillers formed, have been recognizetl, which have beini ternuMl gprcad'nHj 
and compact respectively. Investigations with regard to tiie. geiietiii behaadouv 
of the two types have yielded ratios which afford ample proof of tlio siinph? doiniiniut 
nature of the spreading over the compact habit. 

The genetie nature of the compact habit having been prove, d to hr. r(!C(issive, ii. 
will be a matter of ease to fix this very desiriibh? ha, bit in making riia* siiier.tions. 
The e(foaomic importance of this character will be apprecials'd when ii; is found 
tliat varieties with this habit of growth do not usually lodge*- ha, illy at tlm i-ime, of 
harvest. 

II. ChWophyli deficiency in Rice (Oryza sativa) Seedlings. 
Introduction. 

Oldorophyll deficiency in the seedlings is a common fcatiiU} of S(‘Vr,ra,l cereals 
and has been reported in maize, wheat, barley, etc. That such deficiency is iiroiiglit 
about by genetic factors has been well established by wmk domi on maize in Anuirica. 
In almost every case the Meiidehan factor or factors rc'.sponsible for this are found 
to be reces,sive. Plants heterozygous for the factors may e,ppc.ai’ green and <ia,nm>t 
be distiuguislied from the homozygous green exiiopt by bunuliug tests, f'loim*. of 
these factors in their homozygous state are coinplelif'.ly hitluil in tlnur e.ffec/fc o.n. the 
seedlings, and necessitate the coiitinuation of strains wluu'esuch factors iire jmyseufi 
only through the heterozygous individuals, wliich wlien selfe.d throw the, ie.thal al- 
binos in the F, generation. The normal green has alwa.y,s fxsui .noted to Ixihave 
a.s an allelomorph to the various abnormalities for the chloropliyll d(‘.velojuuent. 

Earlier work. 

Ttio ooourrence of pure white seedlings in rice particularly in th,e lu’ogenies of 
crosses has been a common feature in the Paddy JJroe,dirig\station, (Jormbafiore 
(Plate IV, fig. 2), The manner of mheritanco of this clmracter has been a sul>jt;ct 
of study for some years. The character has been noted to be a Abmihdiau v<* 

and definite 3 : 1 and 16 : 1 ratios of green to white have been obtained togc.Lher 



2. Two full grov/n plants of the same 








PLATE VII, 


f 
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witli othfiT more coniplicjitod ratios.^ Tlie factor or factors responsible for tlie oceiir- 
renco of the wliito siaallings being complete^ lethal in their effect, attempts nunh'. to 
a.scei'taiii if tlu're wcia; any (.anmnetions between this and characters such as colour 
of fertile glumes, (jolour of rice, etc,, did not lead to anything of value. The s<'ed- 
liiigs rtmiain healthy for a fe\? days, and then die, without even a trace of diloro- 
]:)Kyll formation. It must be noted, however, that the lethal factors did not int(ir- 
fore in aiiy wa,y witli. the formation of the anthocyanm pigment in families- where 
factors for its dcivelopment were present, as could be seen by the examination of the 
first leaf sheath above the ground, level. 

Charactee under study. 

Apart from the pure white seedlings, the appearance of an iiiternuKliate form 
has been noted in rice ; in this the leaves of the seedlings deficient in their chlorophyll 
content remain pale yellow. Unlike the white plants these intermediates grow 
and attain maturity like the normal greens. Their rate of growth, however, is very 
slow as compared to the normal greens and their size is alw^ays smaller. Though 
the character can be easily distinguished in the earlier stages, it gradually dis- 
appears as the plants grow older and it is difficult to distinguish a plaiit exhibiting, 
yellow from a normal plant in the advanced stages of the plant except probably 
from its smaller size (Plate V, fig. 2). 

Source op material and procedure op work. , 

In the year 1922, in the progenies of an artificial cross done in the white sirumanis 
of the Tanj ore district, a few of these pale yellow seedlings were observed for the 
first time. Although the segregation into green and yellow was definite in the very 
early stages in the families in which these yellows occurred, unfortunately no counts 
were made. A few of these were, however, isolated, and their produce kept separate 
and sown in the following year. The yellows gave nothing but yellows proving the 
recessive nature of the factor or factors responsible for this character. 

In one of the families breeding pure for yellow, a few normal green plants ap- 
peared in the seedbed, but these were easily distinguished by their deeper pigment 
as well as by their more vigorous rate of growth. They were suspected to be the 
.result of natural, cross poliinatioii, as the pure yellow families had been planted by 
the side of tlie normal greens in. the previous seasson. Eight of these smspected 
natural crosses were isolated for further propagation as generations. They 
wore lia,r vested early in 1925 and under ordinary circumstances should have been 
sown in August which is the normal season for growing rice in Coimbatore. In- 
stead of waiting until August, some 2,000 seeds of each of the eight families were 
counted a.nd so\v.u in March. Along with these, 2,000 seeds of three families pure 

* ITnpuHfehod results collected by F, B. Parnell. 
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for the characters concerned were also sown to as(un.-(,iun, wliat (iiflcr 
io the viability of the seeds if such exivsted. All the I'iunilii! 

gregation and Table I gives the actual ratios o))tn,i,u<M.I. 

Taule 1. 

Segregation of the natural crof^ses. 


then^ was 
: exliihited s<v 





Shorkoation 

'f’otal 



Family No. 

Character of 
parente 



.seodJiiijLfs 
ubtainod out 

Poreentajfo 

of 



Green 

Yellow 

of 2,000 
seeds 

gernuiiiiUou, 













: 


6267 . 


Greon 

1,209 

3(58 

1,577 

7S-9 

6266 , 


Do. 

1,332 

81 

1.II.3 

70-7 

6268 . 


Do. 

1,468 

98 

I, .55(5 

77-8 

0269 . 


Do. 

1,726 

82 

1,807 1 

90-4 

6270 . 


Do. . 

.1,4(55 

71) 

1,544 : 

77-2 

6271 


Do.', . 

l,4Ki 

74 

1,487 

74-4 

6272 


Do. 

1,553 

83 

1,636 

81-8 

627.i . 


Do. . 

1,(502 

62 

1,6(54 

83-2 

368/3 . 


Yollow 

*; 

Pure 

1,443 

72-2 

368/4 . 


Do. 


Do. 

1,5.50 ; 

77-5 

374/3 . 


Green 

Pure 


1,643 1 

82>2 


,, : 'r rjiko htui V(uy j)ro{)a,l>Iv the same 

pollen parent was mvolveam the cross. In the case «( family fi2(i7 however the 
ratio obtained is different and evidently there was a different male parent in this 
ca,se. It .8 also seen from the taWe that there is no si«niflca„t difference, in th; 
viability of tin, seeds of the different families. The natural crosses do not appear 
to *ffcr m this r^pect from the families breeding pure (the hat three lines .“the 
table). Though the separation of the greens and yellows was not very difficult 
the seeds having been powii m the wrong season did not produce, vigLoms a,^ 
healthy plants. The balance of seed loft in each family was sown later in the, LmaJ 
season in August. T^e plants were now more vigorous wid healthy, sooregation 
was again mamfert, but the distinction was not quite so sharp as Imfor,? wZ 
the ™^ts were bemg made, another group, semi-yellow, had to be introdumal wl < 
consisted of plants which were not so yeUow as the typical one and at the saZ^t me 
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Table III. 


slightly less green than, the typical green. It was decided to grow a fiirtlier geiiora.- 
tion o.f some of the semi-yellows and from the experience gained to recla.ssily the 
groups. It w^as noticed that out of every four of these semi-yell ows, one was brectlino; 
pur(i for yellow, wliile tlie other three segregated into greens and yellows like the 
greens. Table LI. gives the ratios with the semi-yellow group and Table 111 with the 
semi-yellows added on to the two groups, green and yellow, in the proportion of 
3 to 1. . , 

Table II. 


Family No. 


SBGKEOATIOiT 

Green 

Semi-yellow 

Yellow 

1,480 

260 

384 

1,687 

142 

100 

1,840 

219 

106 

2,426 

236 

141 

1,878 

204 

137 

306 

40 

* 19 

1,188 

160 

93 

1,629 

109 

no 


6267 
6266 

6268 
{)209 

6270 

6271 

6272 

6273 
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_ labli'. IV gives the totals for each of the eight families obtaiiied in tlio two ‘^ow- 
mgs together. A Bsuming that family 6267 is different from all others, the nth.s 
oi peeiis to yellows m the remaining seven families must r(.i[ireseiit a 15 • } ntlo 
rather than anythmg eke. A.s.sumuig that the yellow.s are ,,ro,ll,(«.,,l l,v the e'orr,- 
hnution ot two recessive facliora each of which could give identical res, ills it i. 
hut rcasonahhi to expect a 1,5 : 1 ratio out of a cross liet.weeii a velhnv haviiiv iKil h 
r 10 lecessivo factors, and another green having both the dominant alleloinmiihs 
1 he ratios of the famdy 6207 be taken to represent a 3 : 1 ratio, the cro, 
have been between a yellow having both the recessive factors and a green ha re 
one of the two dominant aUelomorphs. Taking 0,. C, to renresent the t,™ f i ” 
the genetic constitution of the poL parent rLi^iinl TuXtls 
cither 0. 0 , 0 , or c, o, C, C,. FamiBes 6268 to 6273 should h m'; siilld „m 
a cross betw(3en parents of the constitution of G,G,C,C„ and a,G,o„c,. ^ 

Table IV. 


SjJQBJSOATIOKr 


Family No, 

- - • 


1 .Katio of 


Greon 

Yellow 

i gi’eon to 

yellow 

6267 

2,877 

814 

3 - 6 : 1 

(5266 

3,026 

210 

14-0 : 1 

6268 . . 

3,102 

269 

12 0 : 

6269 . ... 

4,327 

282 

16 3 : 1 

6270 .... . 

3,496 

2m 

13-11 : 1 

6271 . . 

1 , 74 !) 

103 

17-0 : 1 

6272 ' . , , . . . ^ . 

2,854 

213 

13-4 : I 

6273 

3,213 

199 

16-1 : 1 

Total for last 7 families . 

21,767 

1,639 

14-4 : 1 

OaL IS : ! 

21,849 

i,4sr 

Deviation 

8. E. 

2-2 

Confirmatory EVIDENCE 
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two pure lines isolated from a family segregating for this character before, and the 
other between a pure yellow and the heterozygous green, a natural cross observed 
in a family pure for yellow. 

Cross 1. Pure ydloio Xfure green. (CiCjCgCaXCiCjCqCg)- -A® expected all 
the h\ generation of this cross was green being CjCiOgC^ and Table Y gives the segre- 
gation of the Fo generations. 

Table V. 


Fnsof fure greenXfwro yellow. 




Segregation 


FaaiiiyNo. 


[ 

Greens 

Yellows 

Ratio of 
green to 
yellow 

6649 ..... 


486 

84 


66S0 

(selfed material) of 


461 

29 


Totals for 2 families 

. %. 

946 

63 

16 s 1 

6661 to 6686 
(non-selfed) 

1 


■•V ■ 


Total of 36 families 


14,963 

1,414 

106 j 1 


Although the ratios of the two families 6649 and 6660, both selfed material which 
had been grown completely, give a definite 15:1 ratio, the totals for the rest of the 
36 families are very much out of line. For want of space and time, only a fraction 
of the seed had been grown in each family and added to this the difficulty experi- 
enced in the classification on account of the presence of some intermediate yellows 
could easily account for such had ratios. 

Cross II. Pure yellowXlieterozygous green (CiCiCgCgXCJiCiCgCg), The hetero- 
zygous green should produce four kinds of gametes CjCg, C^Cg, CjCg, and o^Cg which 
when mated to the gamete c^eg produced by the pure yellow should form four kinds 
of zygotes OjCiCgCg, CjCiCgCg, CjCiCgCg and CjCiCgCg. The first three would look 
alike, green, and the last yellow. The Fj seeds, when planted, actually gave 49 
greens and 8 yellows. While all the yellows should breed pure for yellow, the 
greens would consist of two groups, one giving a 16 : 1 and the other 3 : 1 ratio of 
green to yellow. The behaviour of the FgS proved this to be the case. (Table VI.) 
The three groups, however, did not occur in the FgS according to the expected ratio 
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o_f 1 ; 2 ; 1 Tha-o are rather too many of the C,c,c.c., unG c.e.fhe,, eoml.in' 
gmng 0 3:1 ratm of j^een to ydlow. Whether thi/exceaa Unf.l )„• “I" 
iflerentut dynamic activity of the pollens containing the differejit ..,i„„dcK 
be said clefimtely as no mvostigations were carried out to elucidate the uoiut ' 


i’a-s of heterozygous green xpure yellow. 


SfiaREGATIOIT 


Family nnmbors 


liatio of 
graon to 


Greona 


Yellows 


6699, 6006, 0607, 6611, 6621, 662 
6629, 6630 and 0648 (I0famili,.s) 


6697, 6800, 6601, 6003 to 6606, 66( 
6612, 6013, 0014, 6617 to 0620, i 

0644 to 0647 (34 families) Totals. 


Two tjpea of S(3gregation can be made o 
yellows to greens than the other. Ten fami] 
yellows, and tlie otlier Sf- families give a tofjal o 
two sets of ratios could be taken to repre.s":_l 
Probably no better ratios could have been c ' ' 
m each family was sown, and where the chan 
oy seasonal conditions. 


- u.,ui, one. giving a larger ]>roportioii of 
leu families give a total of 3,].]2 greens to 235 
e a total of 8,()24 greens to 3, 1 33 yellows. These 
represent a ,10 : 1 and 3 : 1 rutio.s rospectively; 
. obtained when only a fraction of the seed 
..-™ ™aracter concerned is ,so much influenced 


{Nummary. 

In tile progenies of crosses in rice, a strain is sometimes r 
yomig seedlings are weak, deficient in clilorophyll contents^ 
gwi^ them a pale yellowish appearance, ail »t " 1" 
normal green. Later the differences noted in “riv 1: 

.UI. a. 
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crossed with each other, would also throw in Fg, greens and yellows, in the propor- 
tion of 15 : 1. 

in. A Note ois tfse OcciiWencs of a ‘ Chimeira * in Rice Spikelets and the Mentlfi- 

cation of a Lethal Factor 

The colouring of the flowering glumes in rice varies enormously, and this is one 
of the main distinguishing characters of the several varieties under cultivation. 
The inheritance of the various colours appearing on the glumes has been under study 
in the Pn,ddy Breeding Station, Coimbatore, for some years, and most of the simple 
cases of inheritance have already been published^. One of the most common 
colours of the flowering glumes noted in rice is the ordinary green colour when 
young, with a dark purple spot at the apex, ripening oJff into ordinary straw when 
the blackish looking tip fades away, but can still be distinguished from one which 
did iiot have the pigment at the apex. There is also another variety of glume, 
though not a common one, where the two flowering glumes are wholly purple almost 
lookmg black, ripening into dull violet browni. 

In a cross made some years ago between two varieties having the glumes de- 
scribed above, the full dark purple behaved as a simple dominant over the green 
with the purple tip, the being fully purple like tlie dominant parent, but with the 
colour slightly less intense. In this particular cross, where the progeny had been 
followed to several generations and several hundreds of individuals exammed for the 
segregation of various other characters occurring in the group, so far as the glume 
colour was concerned, the segregation was very definite. In 1924-25 a particular 
selection from this progeny had been grown in the Paddy Station, and this was 
found to segregate for glume colour, purple, and green with the purple tip. In 
this family a plant was accidontally met with wherein the full purple and the green 
glumed spikelets, which ought to occur normally in different plants, were occurring 
together in the same panicle, and even in the same spike. The plant had all the other 
oharaoters which occur associated with the full purple flowering glumes, and had 
several panicles with normal full purple glumes, three panicles with the green and 
purple glumes occurring together as individual spikelets, and one panicle where all 
the spikelets were green. This was a phenomenon never noted before. It proved 
on further analysis to be a simple case of cMwem. 

The plant was carefully marked, and the seeds gathered for farther trials. The 
grains in. the panicles exhibiting the chimeral condition were separated into green 
and purple, and sow.n separately in the following season. For comparison, a small 
quantity of seeds from the normal purple and normal green glumes were also sown 
along with these. 

The green glumed grains occurring in the purple glumed plant, behaved just 
like the purple glumed grains in that they segregated and gave the two types, where - 

^ Parnoll, F. R., Raiigaswami Ayyangar, 6. N., and Ramiah, K. The Inheritance of Oharaotera 
in Rice, Mem. Dept. Agri. India, Bot. Ser. Vol. IX, No. 2 ; XI, No. 8, 
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ai, tho gcBen grains from a normal green plant bred true to green. Details abont 
the plant showing the chimera were as below :~~ 

One paniolo with 9(1 purple, and 101 green glinned ,si)ikel(d-s, 
a second pani<;le with 23 purple, and 1 29 giuuni gluuierl spikfdet H, 
a third panicle with 13(1 purple, and 50 green glimied Hpik<4<v(,s, 
a fourth paniele with all green gltimed spikelets, 

and a munhcr of other panicles with the ordinarj full jHir[dc ghuued 
spikelets, 

A small number of grains from each head were sown in the following season and 
the results obtained are mentioned in the Table below 



J?iantH with 


Purple gluiiK'H 

Green gliim*;,s 

f Hoaii No. 1 gave . 

10 

6 

Grains with purple glumoB from , „2 „ , 

5 

1 

1 „ „3 „ . 

41 

14 


6(5 

20 

fHead No. .1 gave . 

20 (a) 

16 (fi) 

1 , 2 , 

7 

3 

Grains with green glumes from . -i 



1 •• -•» ” • 

10 (c) 

1 7 (d) 

1 .,4 ■ 

30 

1 

i 12 


67 

38 

Normal purple glumetl grains from other paniulcs in the 

84 

49 

same plant. 




Some further selections we,re made in families marked (o), (ft), (c) and (rZ), in the 
above table and a further generation raised from them. While, .selections {h), and 
(d) bred true to green glume, (<t) and (c) segregated and gave the two types in alino.st 
similar proportions. 

The above genetic evidence indicates that the change involved in the ]>ro(lu(!tiou 
of pigment over the fertile glumes was confined to the e})iderinal liiycu’ and no't to 
the hypodermal layer, from which ovules and pollen grains are deriv( 4 d. Histolo- 
gical examination shows that the colouring matter is confined to the cells of the 
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2. Panicles exhibiting chimera. 


PLATE X. 



Diagramatic representation of the panicles that exhibited the chimera. 
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epidermis. Althoiigli the gliimevS are green, the fertilised egg cell is heterozygous, 
and the developing grain thus behaves like the one with purple glumes. 

While the evidence that the purple and green glumes behave as a simple pair 
of allelomorphs is very definite, the above cMmeral condition of tlie two types 
appearing on the same plant can only be explained as due to a factor mutation in a 
somatic cell, and that the mutation must have occurred late in ontogeny that only 
the epidermal layer was affected. Some cases of chimera have been explained that 
the whole chromosome carrying the particular factor was lost from a cell at an early 
stage ill the development of the plant. This explanation cannot possibly fit in with 
the present case. It has been noted in this family that the purple glume is associated 
with a deeply pigmented internode, and the green glume with a ligliter coloured 
internode. It is possible that either the same factor wliich produces deep purple 
pigment on the glumes is also responsible for the deeply pigmented internode, or, 
the factors are separate but present in the same chromosome closely linked. Since 
the panicle No, 4 which had all green glumes had the deeply xiigmcnted intornode, 
it is almost certain that there are two separate factors, and that there has been a 
factor mutation from (4, responsible for the full purple glume, to g, responsible for 
the green glume. 

It may be noted from the ratios given of the plants with full purple glumes 
and those with the green glumes in the family that exhibited the chimera, that it 
is a 2 : 1 (207 : 107) instead of a 3 : 1. This led to the tracing back of the history 
of the family, and this revealed some interesting results. The two varieties which 
formed the parents of the original cross are described below : — 


Leaf sheath . 

Sheath axil 
Intemode 
Septum . 

Aiiriolo and Ligule 
>St0ril6 glumea 
Flowering glumes 


Stigma 

Bice 


Very slight purple pigment, 
looking almost green . 

No pigment . 

Very dark puride, looking black 

Dark purple .... 

Dark purple .... 

Purple ..... 

Dark purple, getting black when 
old, like the mternodo . 

Slightly pigmented, in only a 
few feathers 

Black (glutinous) . 


Good purple with purple lines. 
Deeply pigmented. 

Ordinary purple lines only. 
Pinkish. 

No pigment. 

No pigment. 

Ordinary green, with purple 
pigment at the apex only. 

Dark purple looking black. 
White (non-glutihous). 


iiSach sot of characters mentioned above behave as a simple pair of allelomorphs, 
the character pf the T. 1359 pareiit being the dominant in every case except the 
stigma, where the dark purple stigma of T. 264 is dominant over the other. The 
Fj had all the characters of T. 1359, with this difference, that the intensity of the 
pigment over the fertile glumes and the internodes v’^as much less than in T. 1359. 
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The 1<\ segregated in a simple way giving only two groups Iik(! tlui two parents 
with a close 3 : 1 ratio as shown below - 

Total for 29 families made up of— Like T. 1350 Like T. 'iGi 

20 F..S, and 1.3 F 3 S . . . . . . 2,901 

Calculated 3 : 1 . ■ . , • • '‘'’>"^67 2,.SVS7 

It was possible, however, to make out the hetoro 5 :ygous grou p, in 'thni it luid tiie 
purple stigma of T. 264, and had a rather lighter i>iginonted interuode and fcu’tile, 
glume than the homozygous group. Even as reganis rice, tlie, segregation was 
Gompiete, in that all the plants with the green glumes had wliita^ ri(!c, and those witrh 
purple glumes, purple rice of different shades. Since none of tlic purple ricjes found 
associated with the dark purple internode and purple glumes ha,d the sa,ine intensity 
as that of T, 1359 parent, in one of the Eg families an att<unpt was made to classify 
the rices into different degrees of purple, and seleclvioiivs were, made from the, same, to 
raise an F 4 . Out of several liundnuls of plants (nvauiincd for ric.e, one erotis-over 
plant was obtained having diirk jiurph^ interuode, full ])urple glume, and wdiitc rice. 
This plant when bred from ga.vo 


Dark internodo and full purple glume i 

Light intornodo and green glume with purple tip 

341 

163 


both the groups, however, having only white rice. The above ratio will have to be 
taken as a 2 : 1 rather than anything else. A number of sele.ctions were made in 
the .first group and three mdre generations raised therefrom. In every case the 
selections segregated and gave the two groups again as showui bdow ; — 


Family Nos. 

Dark intornodo, purple 

Light iaternode, greou 

glume 

gltime 

Ffi . 

. 6106 and 5109 

07 

36 

I’e . 

. 6740 to 5757 

1,174 

712 

F, . 

. 6360 to 6362 . . 

1 . .162 

[ ■■ 

98 


Totals for 23 families . 1 

i 

1,403 

846 


Since by repeated selectioiis a homozygous plant with pur])]e gluino and white 
rice was never obtained, and the ratio of purple glume to greciii glume i^’sproscmts a 
2 : 1 , the possibility is that with the cross-over for the rice character, a lethal faclor 
has been brought in, which prevents the fornnition of the typo homozygous for the 
glume Taking G to be the factor for purple glume, and g for green glume, we 


should get three kinds of zygotes, GG, Gg, and gg, in the proportion of ] : 2 : 1 ; 
but the zygote GG never appears to be produced, resulting in a 2 : 1 ratio of purple 
glume to green glume. 

The lethal effect in the zygote can manifest itself in any one of the following 
ways :• — . 

{1} aborted seeds, 

( 2 ) seeds do not germinate, and 

(3) seeds germinate but the plants die off. 

Of the above, the last two possibilities have to be ruled out, since either de- 
fective germination in the seed beds, or plants dying off in numbers later, could not 
have escaped observation with such intensive studies. It is more than probable 
that the zygote GG resulted in aborted seeds in the present case, and this is streng- 
thened by the observation tliat tbe purple glumes of this group always gave a large 
percentage of unset chaffy grains, much more in comparison with those with green 
glumes. Unfortunately, nothing more could be done in this family as the whole 
material had been lost when the author was aww in England. 

Use has been made in the preparation of this last note of some of the unpublished 
material collected by Parnell when be was the Government Economic Botanist 
at Coimbatore, and the author is indebted to him for the same. 


MUirO-M— I1I.1.219-15-9-S0... 600. 



PREFACE. 


TJie first two parts of tliis series appeared under tlie pen of F. R. Parnell, tlien 
ii^conomic liotanist to the Government of Madras. Tire third part, by K. Rainiah, 
recorded the results obtained by him dining the period he was in charge of the Sec- 
tion. ° 

. fourth part, takes up the story of the work done on the Paddy Breed- 

ing Station, Goimbatore, to settle doubtful points or to continue unfinished enqui- 
ries that remained when Parnell left India in 1924. Parnell and his co-workers 
share the credit of the initiative, and to K. Ramiah fell the lot of carrying on the 
tempomry control of the Section until R. 0. Rifle succeeded at the end of 1925. 

This part, then, records the work done by K. Ramiah and others during this 
interim period and includes portions of work done on Sections 11 and VIII in 1926-27 
during Rifle’s regime. 

Acknowledgments are also due to C. R. Sreenivasa Ayyangar, Superintendent, 
Agricultural Research Station, Maruteru, for his share in Sections III, IV, and 
V, and to M. Anandan, Superintendent, Agricultural Research Station, Pattlmbi, 
for his share m Section I, who during their stay in Coimbatore as assistant to Par- 
nell contributed in no small measure to the investigations contained in the said 
Sections. [K.R.] 
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INHERITANCE OF CHARACTERS IN RICE, PART IV. 
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I. The glutinous character of the endosperm in rice. 

Introduction. 

ParnelB has recorded the occurrence of segregation in the rice pollen which 
gives the same reaction with iodine as does the glutinous and non-glutinous endos- 
perm of the rice. The study of the glutinous and non-glutinous pollen grains in 
the pollen sac of the Fj plant, which represents the results of Mendelian segrega- 
tion, has given convincing evidence as to the normality of the microgenesis, the 
two types of pollen being formed with equal frequency. When, however, the Fj 
plant is allowed to self-fertilize, and the resultant grains are counted, there is al- 
ways a slight excess of non-glutinous grains, the deviation from the normal 3 : 1 
ratio of non-glutinous to glutinous being very often significant in terms of the stand- 
ard error. When an is raised, we get the usual three types of plants, one with 
the non-glutinous grain, a second with both non-glutinous and glutinous grains, 
and a third with glutinous grain. The ratio in which these three types occur, how- 
ever, shows a considerable departure from the expected 1:2:1 ratio. Results 
obtained at Coimbatore and by other workers elsewhere have shown definitely that 
the glutinous and the non-glutinous character of the endosperm form a simple pair 
of Mendelian allelomorphs. There are, however, some disturbing factors influenc- 
ing the ratios in the Fg and later generations. The results here recorded relate to 
the investigations carried out at the Paddy Breeding Station, Coimbatore, to find 
out such disturbing causes 

^ Parnell, F. R. (1921). Note on tbe detection of the segregation by examination of tbo iJoHon of 
rice. Jour, of Genetics, VoL XI, No. 3. 
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Differential Activity of the Polj.ens. 



Lien K-iiig Cliaoi has been tachlhig the same prohle.rn and his results have Ixaui 
piililishod recently. Ilo Inw Wiight [orwnnl .liitii tci sl]„« Ihi.s 

(leficieiicy r,f tlie glntaom ,,)mrae1;er i., F, i.s („ 

.^all .leriahon,, the s,™,o ,lirect.ion. The ,uier„ap„roKeneHi., i,ei„g normal, (I,., 
ohserred de earmey o the glntinous graims i„ t,)„, F, ,se„d.H ,a,,„ only I,.. anted 
for by any diflerentral rate of aotivity of the two hinds of pollen in fertili.i,,,, (he 
ovum as has becu obacrv.^l by Brink and Maegilliv,ray“ in the (also, of the wavy 

ItrlTv mme. Tho only way to elnei.late this point is to 

make back cro^ffl, which Lieu Fang Chao considers iiiipracticablo in rice. This 
me of attack of the problem engaged oim attention from the very beginning but 
fte number of crossed se^s obtained with the crossing techiii.pie in v„g„o the 
Paddy SWion was never large enough to prove the point. As the result, of a bel ter 
crossing tec imipie evolved at the station ,at a later ilate,:. the back oros in! m eth a 
wns rftsjorted to on <a largo .snah*. in tlm season 1 or, ia, , . ‘ mci-nca 

plant with the ghitiiiourpollei, walt^Z Ih,: i™;t pt S’ Z iT' '"'""’''“■"‘I 

nwactm U p ante, djl really hybrid plaiita resulted. Of these. 125 resembled the 
usual F„ 111 bavmg both non-giutinous and glutinous grein.s, while the other 95 
were pure te glutinous grain. Assuming that the two kinds poll u, are enllin 
their activity in fertihsiiig the ovum, the chances are that we sjiouhl .udflS !, d 
half of Fj like plants and pure glutinous plants. The lieviatioii from tills exnuctcd 
r^o is in this ease twice the standard error and beiice eaiiiiot be tikei. -lo . ' ^ i 
sive proof of the weaker fertilising activity oftbo I ^ L"e“ufe 

lOTiUENOE OP Bnvieohmental ohanoks on Sl>OKO(,I.lNj.:sla 
Investigations were also carried out to Bud out whether tho regiilaritv of the 

et;“» x? 

removed just before they had reached their renrndn -f 

treatments which were in the way of starVinrr th ^ i yubjeoted to 

either by cbastioallyeuttiugXLS;^^^^^^^^^^^ 
well wat!!L 

8.«.lrv"!3?N“ Bfcct of the gtatinou, 

'““SrSSiSSra 

'Jour, of inn^ia., Jan, 10^7, 



matter and nitrogen, or by defoliating them to reduce the area of photosynthetio 
activity. The treatments really told on the plants as evidenced by the fact that 
in the case of plants grown in the dark most of the flowers were not able to produce 
pollen grains or to lay down starch or glutin in the grains that might have been 
formed. Nearly 400 tubes of flowers were collected and preserved in alcohol-for- 
malin solution for later work in the laboratory. A large number of pollen sacs 
were examined under the microscope, tested with iodine, and counts made of the 
glutinous and non-glutinouB grains. Table 1 gives the summary of results. 


Table I. 


Influence of environment on the formation of non~gluLinous and glutinous pollen grains 
in the anther sacs of plants. 



Number 

'i'OTAP NCMBEB OF 
JPOI-tKN GnAlNS 


of counts 

Non-glu- 

tinous 

Glutinous 

Floating the plants in a frame inside a 
well. 

21 

10,074 

9,861 

Ditto 

11 

3,.581 

,3,441 

Plants in pots in a dark room . 

12 

6,892 

6,296 

Plants in kettles eoniaining well water 
placed in dark room. 

37 

14,8.50 

15.01<l 

Plants defoliated at junction of blade, 
in flelds. 

8 

2,m 

2,135 

As in V but plants more advanced in 
age. 

34 

14,131 

13,825 

Plants defoliated and lloated in well, 
as in 1. 

12 

4,808 

4,647 

Ditto 

18 

6,088 

6,742 

Plants defoliated and grown in bottles 
containing well water placed in the 
open. , 

39 

10,287 

9,728 

As in IX, but heads already formed in 
most tillers. 

18 

10,047 

9,958 

As in IX, but plants placed inside a 
glass bouse. 

17 

7,113 

6,969 

■Vs above, but plants more advanced in 
age. 

9 

2,191 

2,156 

I’lants in bottles containing distilled 
wat<!r placed inside a glass house. 

7 

3.816 

3,829 

Plants grown in the wrong season, sub- 
ject to winter cold. 

.36 

23,423 

21,774 

Counts of controis in IX and XIV 

4 

1,661 

1,634 
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Tile gluiJnous gmiiPi are found to bo less than 50 per eont. in several c.ast'H as I he, 
result of tliG treatments. In the case of troalments Vill, IX. and XIV, tln^ devia- 
tion from the normal 1 : I ratio is more than twice the standard error, it is ahnosl. 
certain, that treatments ,IX and XIV have alTwded the developinont of tiu'- glutinous 
pollen in tiiat the deviations are more than 3 times the standard error, wliereas in 
the case of the controls kept for comparison, the <leviatiou. was only ii df the error. 
The pollen counts were made separately for the anther sa<;s (*,(>ile{!(;e t from spike 
lets situated in different parts of the panicle namely, top, middle, and bottom, 
and there was no perceptible difference among them. Thivse results go to prove 
that there is some inherent defect in the glutinous gene, and that environmental 
factors can affect its expression. Chang’s results also confirm our observations. 
It must be noted, however, in contrast with Chang’s results that in no case was 
the number of rice grains with the glutinous endosperm in the Fj plant more than 
one-third of those with non-glutinous endosperm. 

Kelationship between endosperm character and viability of seeds. 



When the is raised, we get the three groups of plants, one group pure for 
the non-glutinous endosperm breeding pure siibse;iuontly, a second group hete- 
rozygous for the glutinous character like the Fj and always segregating for the 
character, and a third group pure for the glutinous endosperm breeding pure sub- 
sequently. The percentage ratios in which these three groups occur are far out of 
the normal 25 : 60 : 25 as in Table II, which includes figures from several unrelated 
families. 

Table II. 


Ratios of pure glutinous, ket&rozggous for glutinous, and pure non-glutinous plants 
in the F^s of some crosses. 


No, 

Groups j 

Number of 

Non- 

glutinous 

Ratios 


families 

examined 

Heterozygous 

Glutittoiia 

1 

Black glutinous rice X white non- 
glutinous rice. 

39 

4,195 

SS‘2 

5,788 

i8'6 

1,936 

16'2 

2 

Black glutinous X red non-glutinous 
rice. 

24 

1,667 

sm 

2,407 

dS't 

864 

17-5 

3 

White non-glutinous X white glu- 
tinous rice. 

13 

2,053 

BO'l 

3,416 

1,363 

19-S 

A 

Black glutinous X white non-glu- 
tinous rice. 

6 

1,296 

SO'S 

2,118 

49.4 

' 868 
20-3 


Total 

81 

9,211 

52-9 

13,729 

4M 

6,021 . 
18-0 


{N,S , — ^Figures in italics represent the percentages of the different groups.) 
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Pameil ^ suggested diSerential germination and dying ofE as probable causes of 
this deviation. To test this point, the percentage of seeds sown that gave plant- 
able seedlings was determined for each of the three groups in 100 selections of an 
Fg segregating for the endosperm character. There was no indication of any con- 
nection between the glutinous character and the percentage of germination. In 
the heterozygous group of the above, where the percentage of germination varied 
from 64: to 93, half a dozen families in each of the high and low percentages of ger- 
mination, were planted separately and the rices were examined individually for the 
plants, at harvest time. This test also did not give any definite indication. 

To test the point of difierential germination rather more critically, in the season 
1920-21 5 Fj plants were harvested separately. The produce of each plant was 
carefully examined in the laboratory, and separated into glutinous and non-gliitin- 
ous grains, by cutting a small bit of the grain at one end, and testing the same 
with iodine. The two types of grains thus separated were comited and sown sepa- 
rately in uniformly prepared seed beds. The resultant seedlings were counted in 
each plot and the percentage of germination worked out in each case (Table III). 


Table IIT, 

Gompamtive germination of grains with non-glutinom mid glutinous endosperm. 


Family No. 


PjSROENTAaK OS' GERMINATION OF GRAINS WITH 


Non-glutinom endosperm Glutinous endosperm 


2701 

3297 


3299 

3300 


76*2 

68*0 

66*8 

71*8 

75*6 


56*0 

57*0 

68*6 

40*0 


Means . 
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Tho rtandarr! error of com,,aring H,,, tw,. n,«»m ia 4 . 7 . Tlu, art,.-, I ,Ii(Te,.„. 
haiwron the, two rao™« {70 in more tl.,u, thr..,, times (fo e i , ' m 

ran be taken as significant “ ' ” ^ 

Incted and neparatol into glutinous Jo,! no:;gluli;KmM,;;;:;;: i’,';' wt^Tl.r,', 

Table IV. 


Family No. 

NiWUEB OK SBEULIKOS OBTAIMIO) 

T 


i 

Non-gluiinoua 

(lIittiaouH 

tiruniH toglutinoiif 

■i tinoiiB to tho tota 1 

3672 . 

C60 

J47 

3-8:1 

20-8 

3673 . 

701 

102 

' • 8-7V,L''"''' 

21-6 

3676 . 

:292;- 

68 

4-3 : I 

18*9 

3677 . 

6l){> 

143 

4-3 : 1 

10-0 

Totals 

2,162 

660 



3-0; 1 

20-3 


In every case the deviation from the exneetf'd 3 • i +• • 
the standard error, and the percentage of Lre fflntbi 
that of the’ glutinous grain in the F, iilants of relator? -r 
give a definite indication that the grains with the Ldutiif two tests 

than those with the non-ghitinous one therebv rt ^ 

lity may be one of the mi oausrof viabi- 

-o test the connection between the dutinoim r-L ‘ \ <^btaincd m tho F.^«. 
grains, and the vigour of the seedlings obtained endosperm in the 

another 8 faimlies of F, selections, heterLygous for th!^^^ 
first separated into three different categories^ m strono- ^ t^haracter, were 

strong seedlings but with no tiUers, anl(m)’ weah^ spnll * seedlings, (u) 
groups were transplanted separately, and the n ant? 

the endosperm character at harvest Lie The rIZl individually for 

ine results are given in Table V. 
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Table V. 

G onnection between the vigow of seedlings and the endos'perm character. 


Family 

No.‘ 

Stroko and tiller- 
ed .SEEDLINGS 

Strong but not til- 
lered SEEDLINGS 

Weak and non -til- 
lered SEEDLINGS 


Total 

Non- 
glut, i- 
nou.s 

Hete- 

rozy- 

gous 

Glutin- 

oua 

Non- 

gluti- 

noiLs 

Hete- 

rozy- 

gpus 

Glutin- 

ous 

Non- i 
gluti- 
nous 

Hete- 

roizy- 

gous 

Gliitin- 

OU.S 

I Non- 
gluti- 
nou.s 

Hete- 

rozy- 

gous 

Gluti- 

nous 

2828 

48 

75 

30 

JfM 

36. 

. 1 

52 

37 

29*8 

20 

.25 

8 

15U 

103 

152 

76 

22-7 

2838 

3.5 

47 

28 

23 

44 

24 

2S'4 

12 

22 

6 

15‘0 

70 

113 

58 

24‘1 

2839 

.53 

68 

25 

.7M 

17 

40 

17 

23-0 

9 

14 

4 

U-8 

79 

122 

46 

U’6 

2841 

01 

96 

31 

16-5 

34 

53 

20 

IS‘7 

20 

26 

10 

17-9 

115 

175 

61 

17'4 

2843 

43 

64 1 

31 

22‘S 

31 

56 

18 

17’1 

15 

28 

21 

32-8 

89 

148 

70 

22‘S 

2861 

43 

84 1 

22 

14-S 

36 

60 

34 

26-2 

12 

9 

10 

32-3 

91 

L53 

m 

2P3 

2864 

65 

100 

24 

i2>r 

33 

39 

20 

21-7 

15 

25 

27 

40-3 

113 

I 

164 

71 

2(M 

2866 

59 

76 

13 

8^8 

45 

75 

33 

2M 

12 

23 

12 

25‘5 

116 

174 

58,.. 

ie-7 

2869 

48 

72 

33 

2M 

19 

24 

11 

2(M 

9 

3 

3 

20‘0 

76 

99 i 

47 

2P2 

Totals 

455 

688 

237 

17'2 

237 

443 

214 

23>0 

1 ,124 

175 

101 

25*3 

852 

1300 

652 

2fH 


(iV.jS.— Figures in italics represent the percentage of the glutinous plants to the total.) 


It is found tliat there is a progressive increase in the percentage of the pure 
glutinous plants with the poorer condition of the seedlings at the time of transplant- 
ing. It should therefore appear that the glutinous endosperm of the grain is asso- 
ciated with lack of vigour in the seedling growing from it. 

Association of the glutinous character with other genetic characters. 

In the groups mentioned in Table II where they were segregating for the endos- 
perm character, the families were segregating for several other genetic characters 
like colour of rice, colour of glume and palea, duration, height of plants, etc., and 
there was no apparent connection between the endosperm character and any of the 
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other characters mentioned above. But in grou}) 3 the family \va,B B<‘.grcgatiug for 
the presence and absence of ihginent in the leaf axil ami api<inliiH. ''ra.bio VI behnv 
gives tJie tabulation of this group •when the pigment ('.huracter and the endosponn 
character are taken together. It shows a dclinite. Iinkag<‘ between tin', pigment 
factor and noii-glutiiious character of the endosperm. 


Table YI. 

Association of glutinous character mth tlie jgresence of pigment in the leaf axil and tip 
of fertile glumes. 


Family 

TOTAi ruANTs werii 

Planxh with homunt at i 

liKAP AXtli ANn PAIKA TIT 

Plants without any 

TlQ’llMNX 

Noii*gln- 

timms 

IRtero- 

aygoua 

(Ihiti- 

nous 

Hou-rIh- 

tinoim 

Hotoni' 

Kygons 

Chili- 

Noii-glu- 

tinoHs 

Uolwo- 

aygoHs 

Chitl- 
1 nous 

1880 group . 

Pt-rt'entage of glu- 
fiiioim (ypt'H fo . 
thu total. 

2078 

3571 

.. j 

1.330 

10-1 

1120 

j 2846 

1227 

, 2:r(i 1 

058 

725 

luo 

«•! 


Although the ])resence of pigment in the different parts of the rice plant is con- 
trolled by several mendelian pigment localization factors, it has been shown that 
to produce any pigment two complementary factors must be present. InheritaiU'e 
studies in Coimbatore have shown that one of these main pigment factors is itself 
responsible for the production of pigment in the leaf axil ami apiculus. The link- 
age referred to here is with this main pigment factor as distinguished from several 
other localization factors. This point will be discussed in greater detail when (leal* 
ing with the several linkage groups. 

Summary. 

The glutinous and the nou-glutinous chara(iters of tlie rice ondosjierm form a 
simple pair of allelomorphs. The two kinds of pollen, glutinous and non-giutiiious, 
are found to occur with equal frequency in the plant; yet, when tlui plant is 
allowed to self-fextilize and the resultant seeds are examined for tlie eiKlosperm 
character, the glutinous number is found to be deficient and the deviation from the 
normal 3 ; 1 ratio is often significant in terms of the error. To test the. dynamic, 
activity of the two kinds of pollen in fertilizing the o vum, bach crossing was resort- 
ed to. Though the results have not been quite confirmatory, there is an indication 
that the glutinous pollen is weaker in its action similar to what lias been observed 
in tlie case of the waxy endosperm character in maize. 

Certain experiments were carried out to find out wliether environmental condi- 
tions can affect the noimality of the sporogenesis in the Fj plant. When the plants 
were subjected to drastic treatments like defoliating them and growing them in 
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pure water cultures, or growing them in the wrong season — cold weather, the 
normality was upset in that the pollen counts in the anther sac showed a great defi- 
ciency of the glutinous type, the deviation from the normal 1 ; 1 ratio of uou-glutin- 
ous to glutinous pollen being significant in terms of the error. The experiments 
prove that there is some inherent defect in the glutinous gene and that environ- 
mental conditions can affect its expression. 

When the Fg seeds are grown again there is a further deficiency in the pure glutin- 
ous types. Certain experiments carried out to test the point of difierential germina- 
tion and dying off have shown that under normal conditions, grains with glutin- 
ous endosperm are less viable than the non-glutinous. There is also an indication 
of a connection between the glutinous endosperm character of the grains and the 
vigour of the seedlings obtained from them. 

Among various genetic characters studied along with the glutinous endosperm 
character, there is found a close linkage between this character and one of the two 
main pigment complementary factors which is responsible for the development of 
pigment at the leaf axil and palea tip. 

IX. Inheritance of size and shape of grain in rice. 

Introduction. 

Size and shape of grain are familiar characters. They correspond roughly to 
the size of the kernel, the two varying together. The size of the grain or kernel 
can be easily measured and the shape can also be described by the examination of 
the lemma and palea. The size and shape have been used by almost every one who 
has attempted classification of rices, as one of the diagnostic characters. It is 
easy to recognize three broad groups, round, medium, and long. Kikawa^ in 
liis classification of the Burma rices has tried to distinguish six groups of shape. 
Graham® working with the rices of the Central Provinces, has recognized five groups 
taldng into account the shape of lemma and palea together. His five groups are • 
(‘i) glume and palea slightly convex, (n) glume and palea convex, (m) glume 
and palea very convex, (w) glume slightly convex, palea convex, 
and (v) glume slightly convex or straight, palea straight or slightly 
concave. 

He also divides the size of the spikelets into four groups 

(i) long spikelet in which the length is more than four times the breadth, 
(m) fine, in which the length is more than three times the breadth, 

(m) coarse, in which the length is more than twice the breadth, and 
(iv) round, in which the length is less than twice the breadth. 

He records that any attempt to give definite measurements has ended in failure, 

Mvikawa, S. Classification of rioes in Burma. Jow. Agfi.lmp. U7W.To]cyo,lll,'Nio. 2. 

^ Crahaiii, R. J. D, (11)18). Picliininary note on the classification of rice in the Central Provinces. 


Memoir Dept. Agri. India, hot. Serie.'i, Vol. VI, No. 7, 
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Source OF MATIBIAH AND FBOOBDURE OP WORK. 

Tile study of several natural crosses segregating for the si^:e of grain liad given 
indications that the inheritance of grain si^se was ratlier eomplic-ated. Only otui 
case occurred where its inheritanoe proved to be very simple, and the nssulis .herein 
recorded refer to this single case. The case referred to includes the study of in- 
heritance of the size of grain meaning thereby the length of tln^ s])ik(^hd., ami also 
the shape of the grain. One of the parents involved in the cross, .sirnmahi (Plate 
I, fig. 1) has the characteristic round shape of grain corresponding to group {in) 
of Graham’s classification in that the lemma and palea are very convex. The length 
of the spikelet is very short, under 6 mm. The other parent miaikomhan (Plate I, 
fig. 2) has the ordinary long type of grain corresponding to group (f) of Graham’s 
classification, glume and palea slightly convex, with a spikelet length of about 
8’5 mm. 

In the year 1922-23, in a bulk crop of the long grain, a few aberrant types were 
noted with all the characters of the type except in the siz(^ of tlu! grain. Tdie grain 
was definitely smaller and round in shape resembling the dfuniani type. These 
were suspected to be FiS, resulting from natural crossing with the siritmcmi variety 
which was growing next to the long type in the previous season, and were isolated 
and grown separately in the following season. The typ(5s had the characteristic 
shape of the sirumani, but the length of the spikelet was about intermediate be- 
tween that of drmmni and amihomhm. The segregation was rather complex 
in the case of vegetative characters like presence and absence of pigment on the 
glumes, palea, etc., but so far as the grain size aiyl shape were concerned the seg- 
regation was sharp and definite, There were only two groups, the round dnimmi 
type and the long miaikomhan type. Table VII gives the ratios obtained of these 
two types in 6 families. 

Table VII. 


tiegregation of F^s of the mtural crosses. 


Family No. 

SEOEBGATI3!ra INTO 

Ratio of round type 
to long type. 

Round type of grain 

Long type of grain 

S038 . . . . . 

386 

143 

2*7 : 1 

f)039 ..... 

429 

150 

2-9 ; 1 

5040 . . . . 

379 

140 

2*7:1 

6041 

412 

151 

2*7:1 

6042 ... , ■ , . . . ■ . 

363 

160 

2*3:1 

6'IG4 . . . . . 

645 1 

221 

2*5 : 1 

Totals . 

2614.-, '■ ■ 

965 

2*0: 1 

Ual, 3:1. 

2609 i 

870 1 

1 
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TJie above segregation demoustrates a fair 3 : 1 ratio of ronnd and short to long, 
tiioiigli tlie deviation is 3 ’7 times the S.E. One typical panicle from each of tlie 
plants was harvested fur the first 5 families and the actual length of the spikelets 
was nu;;asn,rod, (> grains to each panicle, and then averaged. It must be stated 
hero til at the dimensions of the grains, length, breadth, and thickness are always 
inoasured with a callipers provided with a vernier scale. ReadingvS up to 0-1 mm. 
can, be easily made and it has been found to be very satisfactory and reliable except 
in. cases where the grains had any sort of bearding. Even in spilvelet length there 
were two definite groups the first one varying from 5-6 mm. to 7*3 mm., and the 
.second group from 7*9 ram., to 9*8 mm., with a clear break between the two. The 
segregation for these families is represented in Text-figure 1. All the grains with 



J’.e 6.0 G.A E-S 7.2 7.B 8-0 6 -A 6-8 3-2 9.6 


Grain length in m.m. 

the round shape were found to fall iu the first group. The totals of the five 
families as per spikelet measurements are 

Bound Shape Lo»g Shape 

1,924 762 

2,007 669 

B 


Cal. 3 : !• . 
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The deviation from the calculated 3 : 1 ratio is 3*7 tin 
In one of the above families, 5038, a large number of 
grain lengths covering the whole range of variation in Fa 
Though the spihelet length of the long group varied 
ail the seh ctions, 16 in number made within this group, ! 
There were pure lines with, varying mean spikelet length 
(Table VIII). 


Table VIII. 


S'pilelet lengths of {5038) mid the selections fi 


aOTTSTD OEAIN 


Bpikclct 
le.nRth in 
liini. of psvrenf. 


Behavionr 

ofF, 


MVaii 

rifliUl'l.' 

IcilRtli 


of vivriatiou 


Standiird 

doviatiou 


I Moan Hpikdot, 
lonatU imnin. 


53 in 


Eound and 



(Only two rows were planted for 
oaoh family and hence the small 
numbers.) 

S, E. 14-5 

Deviation = 320 — 285=35 
Dov. 36 

^ == 2*4 

S, E. 14-6 ' 


It; Khould apjxiiu: fcJiafc tlic spikelet lengths below a certain miiiinimn associated 
witli the rouTul sha|)<5 of the grain breed pure for the si/.e and shape, and 
all lengths above tJni.t niinimiini segregate throwing the long types. This minimum 
hmgth appt'ars to be soniewbere about G’ 2 mm. Of the 15 selections with the round 
s]iaj)e of grain, 4 bred true a,nd. 11 segregated, instead of 5 and 10, which is a good 
(Uiongh tit, considering that the selections were rather few and made mainly from 
the consideration of the s})ikelet length. Although, the Fg ratios were a little 
of the normal 2 : 1 ratio, the ratios are very much better and give a clear indica 
tiou of the monoliybrid nature of the character under study (Table IX). 


Table IX. 

h^egmjation of F^s of the natural cross. 
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Table VIII only gave an indication that tlie parental lengths of the pure breed- 
ing and the segregating round grained types wore different but this is quite dellnito 
in the case of the large number of selections from another Ifa, 5104. Tlierc we.rc 
48 selections, 44 with round type of grain and 4 with the long type. T3ic four latter 
bred true to the long type, though with different mean spikolet lengths. Of the 44 
round types, 14 bred true, while 30 were heterozygous, a, very close ratio of 1 : 2. 
The mean parental spikelet length of the 14 pure breeding families is 
and that of the SO splitting families 6*24 d: 0*03. The S. E. of comjiaring the two 

means is derived from the formula Evaluating, the B.E. is 

0'014. The actual difference between the two means, 0*24, is (ei) 
the S, E. and hence can be taken as very significant. 

Evidence from natural hybrids. 

Since the estahlishment of the fact that the round short type .‘ind tlu*. long type 
behave as simple Meiideliau allclomorjhs, in the season 1024-25, some other natural 
crosses observed in the pure lines which were suspected to be jiybrids lietwecn round 
and. long types of grain were isolated and grown as F.>s. Table X gives the ratios 
obtained of these families. 

Table X. 
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■^y eye j udgment three groups could be made out, one short and round, a second j 

round but rsither long, and a third non-roimd but long. Though the separation 
according to tlie length of the spikeiets may not be quite accurate, the distinction i 

between round and non-round was very dehuite. i 

Iji the of the family No. 627S, the difference in the spikelet lengths between : 

the two paients involved in the cross (Plate I, 1 & 8) is under 1*5 mm. and the ; 

classification of the by the length of the spikelet would have been impossible. ! 

It is the segregation for the shape, roimd and long, that made the classification 
quite simple. The behaviour of the other three families would seem to indicate a 
piore or less 1:2:1 ratio as regards spikelet length. 


CONli'IE.MATORY EVIDENCE EROM CROSSES SPECIALLY MADE. 

To confirm, the results obtained from the study of natural crosses, two definite 
artificdal crosses were made- at the Coimbatore Paddy Breeding Station in the season 
024-25. T. 297 (Plate 1, 4) was the round grained parent in both the crosses, 
and the grain shapes aiul lengths of T. 817 and E. B. 314 (Plate 1, 5) were exactly 
similar being very thin, and long. The parents selected for the crosses had spikelet 
shapes corresponding to types {Hi) and {v) of Graham’s classification. The results 
of the cross are summarized in Table XI and the grain measurements of the FgS 
represented in Figure 2. 
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Table XL 

£\s and F^s of crosses T. 297 X T. 317 and T. 297 x E. Jl 314, 



Round type op oiuin 

l.OTTO TYPE OF ORtllf 

PiU'i^nfs 

liange of 
vari.nf-.ion 
in spikolct 
ImigUi mill. 

Moan 
spikoiot 
ioiigtli mm. 

Standard 

doviutioa 

Oo-ofli- 
cinafc of 
Villi jl* 

tion { 

Riingn of 
vitri:ifii<m 

ill Mfdkidel, 
IcngMi mm. 

-MViui 
^ spiki'Ud 

Si.il ml.'ivd 
tlcviiii.iiiu 

Co-iifli- 
ricill; of 
Viii’l-it.iim 

Cr<M«! . 1 . T.W? 
(I'oimrl grain). 

5*3— G-;5 

5*81 

0'2.3 

3*02 





T. 317 {long grain) 





9*7~-ll*7 

10* 70 

0*45 

•me 

Fi €3ie . 

6-4— 7-8 

7-25 

0-24 

3*20 





P,R 6354 . 

[, 6-4--8-4 

7*40 

0*34 

4*8.'5 

1 8*0 -11*0 

0'81 

0*45 

4*r>s) 

6555 . 

C’O— 8-2 

7-31 

1 0*31 

i 4*02 

8*7- lO-d 

! ‘)*7:{ 

(»*:57 

3*75 

Cross IT. T,m 
(round grain.) 


6-71 

0*27 

4*60 





S. B. 314 (long 
grain). 





s»*«-n*c 

'10*55 

0*41 

4 ’15 

Px . 

O'-i-ys 

7*0(} 

0*23 

3*30 





P# 6556 , 

6-4— 8-0 

7-1‘J 

0*82 

4*45 

8*6-10*0 

0*47 

0-42 

4* 43 

6557 . 

e-4— 8-0 

7‘08 

0*28 

3*05 

8*6- 10-0 

O’ 36 

0’33 

3-53 


Simple counts of round and long grains in FqS. 

.Round Long 

• • . . . . 520 176' 

477 160 

• • • * . . . 422 107 

• • • • . . . 503 183 Deviation ■. 

H. E. 

ToTAn . . 1922 680 

Cal. 3 : 1 . . 1956 652 34 1«5 

• ckoseii are jirobably two extremes regarding grain sixe and shape in 

rice. ^ Both of them were obtained from the collection of pure lines that have been 
gromng on the station for some years. So far as the grain shape was concerned, 
^ 4 .^ ^ J^ather roundish than long. As regards grain lengths, they were 

in erme late, t ough not quite so, the mean being about 13 per cent, less than the 
theoretical mean of the two parents. The lower limit of the F^s is about the maxi- 
mum hmit of the small grained parent. The FgS were grown in 1926-27. The 
range ot variation in FgS is rather interesting. Taking the ranges of variation and 
the mean lengths of the two groups separately, the lower limit of the short grain 
group iiever goes below the maximum range of the short grained parent, anti the 
mean o is group is about the same as that of the F^. When the range of vaxia” 
•ion in -.C3 on^ grained group is examined, although the maximum limit of the 


Family 
0554 . 
6555 . 
6656 . 
6557 . 
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long parent is touched, the mean length is definitely below that of the long parent. 
It follows, therefore, that any selection with the long type of grain from the F gS 
should have a smaller mean spikelet length than the long parent that went into the 
(U'oss. In the same way any selection from EgS breeding pure for the short 
grain' shoultl have a mean spikelet length greater than that of the small 
pai’erit. Tliis lifrs been well established in the case of the extracted type 
first natuj-al cross, sirumani X anaicomban, that have been grown on the station 
for some years now. It has been the experieuc.e here as elsewhere that the parental 
types extracted from any cross are rarely the same as the parents that went into 
the cross, at least so far as quantitative measureable characteristics are concerned. 
This has ’been explained as ‘Shift’ by Engledow ^ in his 7. durum 

cross. The fairly high co-efficient of variability observed in the long graiiied^ group 
possibly sugt^ests the presence of minor subsidiary factors besides the main one 
that determines the length of the spikelet. The possibility of getting pure breed- 
ing types with various intermediate spikelet lengths reaching up to the maximum 
of the lono- parent adds further evidence as to the existence of such minor factors. 


ASSOCIATrON OP (IRAIN SIZE AND SHAPE. 

In all the cases herein iliscnssed, except that of family 6273, mentioned in 
Table IX the short spikelet and the long spikelet have been found to behave as a 
simnle pair of allelomorphs. The short spikelet length has been, in all the cases 
meirtioned associated with a round shape of grain which is dominant to the oget 
sliape it'is this association that has made the Fa classification easy and feasible. 
The* one case, that of family 6273, mentioned above, where the difference in the 
irrain lengths’ of the parents involved is hardly enough to allow classi6oation of 
I s bv spikelet length has deBiutely proved the simple dominance of tire 
sbope to the ordinary long shape. Lien Fang Chao^ has published reairlts that 
rte sliort spikelet is a simple dominant to the long one. From the figures given 
bThim in 4c, text, it is clear that the parent with the short spikelet he has used 
I'n the cross has also round grains similar to the cases discussed here. Van Der 
SolV has studied the inheritanoe of this character, and he mentions that the segre- 
»tn h Lemrlar, and that the smaU round fruits which he calls R. R. 
fhe higer or Medium rice which he calls R. R. commmds, are equal m value. There 
are reasons to believe that the spikelet length apart from the round shape is not 
sn!h a simpie character as should be expected from tire forepmg results. In the 
cas^f a cross made on the station for a diSerent pupose, where the ^rotind shape 
struct come in, the difference between the parental spikelet lengths was suffl- 
den% Lig of the F^s by measurements. The mean spikelet 

awi 1923). The inheritance of glume length and grain length in a 

cross. Vol. XIII, No. 2. 

^crnixormchaflliclien Mixirpflanzen, c. F-rnwirih, Yo\. 5 




IK11E.B1TANCB OP CtlARACTERS IN RICE, PAE’l' JV 


length of one parent was about 8 mm. and that of the other about 5*5 niui. The 
Fj was more or less intermediate and in the Fg we got a variation from 5-3 inin. to 
9-0 mni, Tliere was no indication of any lireak in the range and tlnn-e woi'e ty pos 
m Fg ex,c(i^ediiig the parental limits in either direction. It is found that, almost a.li, 
the pure lines Avhioh we have in our general colieetions .luiving the round sha.jxj of 
gram are also very short in spikelet lengths. There are a few excepti(ms vsdicro the 
sinkelet length is very short, even shorter than the round types, but th.e grains 
are not at all round, and it is on such types further work is in progress to throw 
definite light on the inheritance of spikelet length. We have not got a simde type 
in our collections where the spikelet is round and at the same time long. Tdie results 
obtained from the foregoing study would lead us to assume that beyond a certain 
Imnt in spikelet length the grain cannot have a round shape. 

Summary, 

The rices can be classified according to the shape of the fertile glume n,nd paltui. 
Iwo important groups according to this classification are, (i) the round slioif, gi-ains 
where the lemma and the palea are convex, and (ii) the ordinary coarse long i.vix; 
where the gliinm and palea are slightly convex. The former is a ,sini[de domiiuiut 
to the ktter. The factor or factors responsible for the spikelet lengths a.j-c (liffereni; 
from that deciding the shape, but the two may be associated, in which case the 
short spikelet length behaves as a simple dominant to the long spikelet lengtli. It 
IS thK associatmn of the spikelet length with the round shape of'the grain that makes 
the hg classification simple. Segregation may occur either for the shape only or 
for the spike et length only. Though the former is simple, there is evidence to 
Deiieve that the latter is more complicated. 

The extracted parental types are never the same as tliose thal; went into the 
cross, there being an increase in the spikelet length of tlie short parent, and a reduc- 
tion m the long parent. This phenomenon, termed ‘ SJdft ’ by Engledow, is very 
aenmte and there are indications to believe that there are a number of minor sub- 
sidiary factors mliuencmg spikelet length besides the main one. The obtaining of 
Sptsibihty different mean spikelet lengths lends strength to 

Kit, Inheritance of lax and dense panicles in rice. 

Introduction. 

result of a numb® of factors Hire the 
branebes borne on the mam axis, and the length of the flower bearing part of the 

h, the T f “ represents some of the important types met with 

m the Connbatore coUeotions. The central type 3 in the plate is Se very 1 oose 




T.24 t F. 1 \ T.298 
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open, one ciiaracteriMtic of the strain No. 24 evolved at the station. At the other 
extreme we have the (hvarf ric.e (.Plate II, I) which has a characteristic dense panicle 
^c^sernh]Ing that of 'Pinmuetum. lyplioidnm . The variety T. 29S (Piute 1.1,4), one 
of the finest rices, lias a panitde which tiioiigh not so compact as the dwarf rice, ex- 
hibits a fair!}" (hnase grain arraaigemeiit. J'h'»r the same- length of the panicle we 
get the largest niim])e.v of grains. Bhidei has found that sparseness of grai u arrange- 
ment is dominant to compactness, and that compactness is generally assoedated 
with short grains. 

Source oir material and frocedure of w'oric. 

Tt) study the inheritance of this cliaracter and to find out if the denseness asso- 
ciated witli the variety T. 298 could be introduced in tlie strain No. 24, a cross w'^as 
ma<.l(i between these two types in the year 1920-21. The panicle of the Fj showed 
the it-ompleLc doim,nancc of the lax 24 type, with little, suggestion of the denseness 
characterislio of the otlie'r j>a,]'cnt (Plate III). The size of the grain was intermed.iete. 
Two .Py families were raised in 1922-23, and they exhibited u simple segregation 
of the lax and d.ense types of panicle (Table KlI). 


Table XiL 
of Lax X Dense 


IfamUy No. 

Ijax panicle 

! 

Dense jianicle 

Dev. 

Devn.. 

"Oh 

:ii»7s .... 

1,483 

402 



i}970 , . . 

1,225 

352 



Tcwwl . 

2,708 

814 



Ual. 3 ; 1 ■ . 

2,641S 

8S0:5 

05*5 

.2-0 


One typical panicle per plant was collected in each of these families and the 
classification into lax and dense panicles was done very carefully in the laboratory. 
Besides the two typical lax and dense types, two more intermediate, groups were 
introduced, consisting of all the doubtful ones, as shown below. 


.Family No. 

Lax typical 

Lax doubtful 

Dense 

doubtful 

Dense 

typical 


1 

2 : 

3 

4 

3978 . 

1,335 

102 

62 

423 

3979 .... 

1,075 

S3 : 

48 

306 


.It was decided to raise an Fg and make use of the experieuce to reclassify the F^ 
once again. Four rows of plants w^ere taken individually in family No. 3979 which 


^ .llliitlij, R. iv. (1025). Proceedings of the meeting of the Botanical Society of Poona. Publi.4hed 
the Jour, indum BoL, Vol. V, No. 1. 
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gave 65, 8, 2, and 22 plants respectively of the four groups. About 100 plants 

were grown from eacli of the above selections and their behaviour was as follows. 

No. iahen. 

Typioal lar types . • . . 

Doubtfullax . . . . . 8 

Doubtful dense . . . 2 

Typical dense . . . , , 23 

Taking away 25 per cent, of the doubtful lax types into the dense group as a 
result of the Ifg behaviour, and reclassifying the Fg we get : 

Lax Dense 
1,137 375 

Cal. 3: 1 . . . . . , 1,734 373 

The above figures clearly demonstrate a simple 3 : 1 Mendelian ratio. Out 

of the 71 selections. 28 bred pure for the lax panicle, and 43 segregated instead of 
24 and 47 which is not very much out of the 1 : 2 ratio. The 43 segregating families 
gave a total of 2,569 lax, and 695 dense types, which is not at all a good 3 : 1 ratio. 
This may be due partly to the small percentage of plants that were grown in each 
family, and partly to the difficulty of the classification by the presence of the doubt- 
ful ones. Taking away 3 per cent, of the lax grou}) into the dense group as wms 
done in the case of the Fg, we get 2,492 lax, and 772 dense, which is a good enough 
3 : 1 ratio, the deviation divided by the standard error being only 1-8. Since tlui 
obtaining of the above results a few natural crosses observed in the pure lines with 
somewhat dense panicle types, were isolated and grown separately in 1924-25 
to get additional information about the inheritance of this rdiaracter. The results 
of the Fg counts are given in, Table XIII below. 


Table XIII. 

Fgg of vatural crosses. 



\'27 bred pun; for lax. 

I 38 pavo lax and tloiiHO lypos. 
f ,1, Imal ])uro lax. 

. .5 j'a.vt; lax and doiiHO l.y[)(‘H, 

l_2 luvd puro for clonso typo. 

. 2 brod pure for dense. 

. 23 bred pure for dense type. 
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TJioiigli the typi(?al]y- deiisc type was easily distinguishable, and forms a definite 
group in the above classification a doubtful group has been introduced as there was 
found to be variation in the lax types of the different families. Unlike the pro- 
genies of the cross T. 298 X T. 24 dealt with earlier, the lax parents involved in 
the above crosses could not all have ])eeii of the same genetic constitution, and in 
addition none of these was as lax as tlie type 24 which is an extreme example for 
this character. There is also another difficnlty introduced in the classification due 
to the difference in the size of the grains which is found to influence somewhat the 
ai-rangement of the grains in the panicle. There was, however, no indication in 
any of the families, tliat the dense type of panicle could be a partially dominant 
character giving an intermediate form of Ej. 

I Economic possibility op thr cross. 

None of the selections in the original cross T. 298 X T. 24 could be thought of 
as economically useful as it was noted in the E^ that a large amount of spikelet steri- 
lity (failure to produce grain) had been brought in, in spite of the fact that it was 
not present to any extent in the parents. This sterility continued to persist in 
various degrees in the later generations. It has been mentioned already, that as 
regards the size of the grains, the E^ was intermediate between the two parents. 
In the two E 2 S, six spikelets were measured for each panicle and the averages were 
tabulated along with the type of the panicle in which they occurred. The mean 
spikelet lengths for the two types of panicles were, lax 7*57 0-02, and dense, 

6-88 ±0*03. 

Table XIV. 


Tabulation of spikeld length and, density of panicle in Fo. 



Applying the test of independence ^ Table XIV gives X2==437. Eor n=9, 
and X^—437, the value of P is -00000 — . It is therefore evident that the two 


^ Fislier, E. A, Statistical methods for research workers, p. 86. 
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samples are indepeiiclent and tliat there is a partial association of tlie Iavo cliaritcters, 
Bpikelet length and the density of tlie panicle, Binaller gridn wilh, a dom-^e ;irji-a,ngc" 
nieiit of the grain, and the longer grain with a lax amingenKMd:. In tJiis connec- 
tion it is worth mentioning that from a rough exaininn,tion. of tioj ])arc. linc..s, it is 
seen, that a dense type of paiiiole is invariably jissoeiated wii i! sinaTi (H nuaiiiini 
spilfolets aiid never with the long ones, thus (iontirmiiig .llliidc.’s observations. 

IV. Inheritasice of ciustering ia rice spifeelets. 

Although the spikelets of the rice panicle are usually solitary, in one variety 
obtained by the courtesy of the Bombay Agricultural Department, it is found that 
the spikelets are clustered on the secondary branches, and at tJic tips of the main. 
branch.es, 2 to 5 occurring close together (PIat(; II, 6). Tiu'. branches of the panicle 
have a sliglp-l)' interrupted a])pearaiice, and probably to compensate for this cha- 
racter the total length of the panicle is rather reduced, 'lo study the inheritance 
of this clustering characterj and if possible to eomlune it with a, greater JengtJi j]i 
the panicle a cross was made between this variety and 'I. in ( he }’ea.r .!b2(t'2.l. 
.Plate lY shows the two [>arenfcs with the Fj in the middle. The F, panicle is V4>ry 
much lik<! that of T. 24, with this d.iife.rence, tlvat at the tips of th<‘. main and se.cot.u.l- 
ary brandies of the panidti, the spiJvelets appear in turns. Tlu' 1^ c^an therefoK; 
be said to be intermediate between the two parents. The as was to be expected, 
gave three groups of plants, two like the two parents, and the third rd<(5 the inter- 
mediate In the actual classification of the T’gS, besides the throe groups, two 
additional gnnxps were introduced consisting of all tlie iloubtfnl ones. Ta'tiie XV 
gives the. ratios olitained. for two families. 

Table XV. 


of r, 24. X E. B. 331, Olnster jmildu. 


F.-imily No. 

T.ypi»:al 

(!iu.stor 

1 1 

DonbtLil 

clustor 

: ■ 2 ■ 

lloubtfui 

Fjs 

3 

'J'vpuial 

‘Kjs 

4 

5 

S9(JS 

18 

. . ■ .42 ■ .' 

■ : 

A23 : 

.900 


25S 1 


99 

i . ■ .'386 

252 

Totals . i 

: 436 1 

i.-. '.42 , 1 

. 173 ■ 

9Ui) 

553 


c_. 


V 





■■ ■ . ■■■. ^S- 

i,0S2 

552 

dal, .1 :2:1 . 

. 

7,056 

53S 



PLATE IV. 


E.B.331 
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WhaiHiver would not obviously go into either group 1 or 4, were left in groups 
2 and S, The ratios in all probability represent a 1 ; 2 : 1 ratio, the being inter- 
mediate fKit-weeii tlie two parents. It was decided, to grow an F 3 and reclassify 
the Fo fr(3ni, the experience gained. Four rows of plants were Irarvested in family 
No. 30oS which gave 18, 4-, 6 , 4G, and 26, plants resj>ectivcly of the 5 gronj)s. To 
be absolutely sure of the behaviour of plants in groups 2 and 3, 0 extra selections 
were made in each of those. The behaviour of these selections is siirnmarijicd in 
Tabic XVI below. 

Table XVI. 


Behaviour of F^s of T. 24 X B. B. 331, Cluster pnddy. 


Croup 

miniber 

Character of the group 

Number of 
selections 
made 

Behaviour of F-j 

1 

Typical clTifStcv . 

18 

All pure clustoriiig. 

2 

DouMful cluster . 

9 

S piu’e clustering, 1 segregating like F^, 

3 

Dotjbtful Fj types 

11 

3 pure clustering 8 segregating like Fj. 

4 

Ty pical Fj types 

46 

All segregating like Fj. 

6 

Typical 24 type . 

26 

All ptire for the absence of clustering as in 
,T.24. ... . • . 


If in the light of the above behaviour of the F^s, the Fg, 3968, is reclassified 
we get : 


Cluster Intermediate Non-oluster 

241 581 300 

Cal. 1:2:1 , ZSO'S 561 280-5 

which is a very much better 1 : 2:1 ratio than was obtained previously. The 56 
segregating F^ families gave a total of : 

Cluster Intermediate Non-cluster 

1,116 2,088 1,070 
Cal. 1:2:1 . 1,068 2,136 1,068 

which is a good enough approximation to the theoretical figures. Then again of 
the 110 selections, 29 families have bred pure for the clustering character, 55 
families have segregated giving all the three types, and 26 families have bred 
pure for the non-clustering character which is a good 1:2: 1 ratio. It is, 
therefore, quite definite that the clustering and the non-clustering character of the 
spikelets on the panicle behave as a simple pair of Mendelian allelomorphs. 
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Height and duration. 


Tile details about tie inheritance of these two characters will appear later when 
the results are to be written up. It is enough to mention here that the two parents 
were found to vary slightly for duration and height, the 24 parent being about half 
a foot taller and about 10 days later than the cluster paddy. The was inter 



mediate for the characters. There was apparentl}’’ no segregation in the Fg but 
some of the and F 4 selections gave a sharp segregation and gavi^ a good 3 ; 1 
ratio of early short to late tall, the difference in height and duration between the 
two groups being about G to 8 inches and a week to 10 days respectively. No con- 
nection was, however, observed between these characters and the grain arrange" 
ment in the panicle. 


V, Inheritance of dense arrangement and clustering of spikelets in rice panicles. 

In section III, it was shown from a cross between T. 24 and T. 298 that the lax 
panicle was a simple dominant to the dense panicle. In section IV, it was shown 
from a cross between T. 24 and Cluster paddy that clustering was a partial dominant 
to the ordinary panicle. A cross w'as now made between T. 298 having a dense 
panicle and Cluster paddy. As w^as to be expected from the results of the previous 
crosses, the Fi was lax for the grain arrangement and was intermediate for the 
clustering character. The FgS were grown in 1924-25, and w'hen the panicles were 
classified, it was found there were six different groups as shown in Table XVII. 
The ratios conform to a di-hybrid ratio. The parents and the Fg types are repre- 
sented in Plate V. 


Table XVII, 


PLATE V. 



E. B. 331 
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Taking factors S and C to rcpreseat, the paddy will, have 

arrangement of the gram on the panicle ’ „ill be 8 s C c. There 

tlie formula S S C C, and T. 298 s s c c. The i ^ marked against each 

should occur six phenotypes in Fg as shown belo\^ m ■ 

type. 

rsscc V 

J or V 3 

1 . . . . . . . • ■ ■ ' ■ ISsOC j 

fSSCc 1 
J or r 6 

2 . . • IssGe J 

fSSec ] 

, or > 3 

3 . . . . . . . . • • ■ Isscc J 

. ssCO 1 

4 ■ ■ • ; , ssOc 2 

5 . . . . . . . • • ■ ] . s s c c 1 

The actual ratios of Table XVI do not agree well 
but the types are represented. The last toe groups of the table - 
out of line although their totals to the rest form a t together 

characters, clustering of spikelets, ^rT lemeir". to ac- 

the separation of the sub-groups was found ^ enpected. The ratios 

counts for the wide deyiations of the actual ratios ' the expecta- 

for the two characters taken separately, however, a^, j 

tions. 

Length of Panicle. 

There was a difierence of nearly 8 cim in ISf cm.! ^ dtot rf 

between the two parents, the mean lengtn oi x. o 

E^B. 331 17.0 cL The If, was 

while the I , gave a continuous range of variation connection 

the character is controlled by multip e factors there was a 

between the length of the panicle and the gram airan»^ In lonatli 

slight indication that the typical clustered panicles were rathei shorlei o gth 

than those without clusters. 


Emeegenoe of the Panicle. 

By emergence is here meant that portion of to pauiolo stalk between 

most node and the leaf jimction of to top-most leaf . ^ tj 

ly differ for this character, it being about 14 cm. for both. The F, however gave 

£ A 4 - r, 9 pm indicating that the chaiaoter 

a wide range of transgressive variation from 4 to 4.J a.- „ 

a. IT 1 1 1 i; a. rm, nn armareiit connection between this 

is controlled by multiple factors. There was no appetJ-tJ 

character and the grain arrangement in. the paiimle. 
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Duration. 

T-hei-'c was f(. ilift’erenco of about a week to 10 days in duration between the two 
parents. The Fi was intermedJate and the Fo was also interaiediatG, tli(i vaiia- 
t'icni being well witiiin the range of ilie two parents. There ’Was no sharp scgrc^ga- 
tion for the <ihara,cter even in F^s anti F4S as was obtained in the cross T. 21 >' K. 
B. 3:d, mentioned in >Sectiou III although pure breeding extracted types tliii'ered 
slightly in duration from each other. No relation was observed between this 
C'iiaraeter and grain arrangement. 

Sterility. 

As was mentioned in the ease of the cross T. 24 X E. B. 331, there was a large 
amount of spibelet sterility appearing in the progenies of this cross, precluding 
all possibilities of evolving tyjies economically useful. There was a definite associa- 
tion between sterility and panicle emergence, the plants with a poor emergence 
exlubiting a larger amount of sterility as compared with those with good emergence. 
Theie was also some connection betw^een sterility and the panicle type, the dens- 
ty|te having comparativelj'^ a larger percentage of unset spikelets than the lax type. 

VL Inheritance of ‘ mottling ’ over fertile glumes in rice. 

In certain families derived from natural crosses splitting for some type of gold 
or dark furrow colouring over the fertile glumes, there appeared a number of plants 
with mottled grains. The mottling is not seen until the grain is perfectly ripe, 
irregular light coloured areas then appear scattered over the grain and give it a dis- 
tmetiy moth-eaten appearance. Mention has already been made of this character.^ 
The results given then appeared to show the mottled type to be simply recessive to 
even colouring. 

To confirm the results obtained then, a definite cross was made in 1923-24, 
between T. 3608 and P. S. 32, pure types for mottled dirty and even dirty respect- 
ively. The Fj was grown in 1924-25. The grains when they were ripe, instead 
of remaining even coloured, as should be expected from the results already pub- 
lished, exhibited, small light coloured patches — a reduced form of mottling as is 
seen in Plate YI. All the FjS grown showed the slight mottling but none to the 
same extent as the parent T, 3608, indicating the mottling to be a partially 
dominant character. 

Pour FgS were groivn in 1925-26, and in all the families there was segregation 
to various degrees of mottling besides the plants with definitely even colouring. 
In the classification, the definitely mottled type approaching the parental form 
was kept separate, and the rest of the mottled types grouped together. The ratios' 
obtained are given in Table XVIII. 

^Parnell, F. R., and others. Inheritance of characters in rice, I. Mem. Dep(. Agri. India, 
Soe. Serte#, Vol. IX. No. 3- 
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ordinary mottled 
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Table XVIIL, 


I'g of mottled dirty X even dirty. 


Familj- No. 

Mottled dirty 

i 

Intermediate 
mottled dirty 

j Even dirty 

6221 

178 

420 

201 

6222 . . . . . 

215 

376 

iiJS 

6223 .... 

186 

434 

197 

0224 .... 

185 ! 

] 

■ 434 

220 

Total 

764 

1,664 

816 

Cal. 1:2:1 . 

811 

1M2 

Sll 


Ill tbe case of family No. 6222. the classification of the groups was made in the 
fields, while in the case of the other three, typical panicles one from each plant 
were collected, and examined later in the laboratory. 

To. confirm the results of F.,, 20 selections were made in one of the above families, 
and grown as Fv^s. Their behaviour, as is shown below, entirely confirmed the Fg 
results. 


Family No. 

Fa character 

Fa behaviour 

(6447-50) 

4 

Mottled dirty ^ 

Pure mottled dirty. ■ 

(6451-54) 

4 

Even dirty 

Pure even dirty. 

(6455-66) 

Intermediate mottled dirty . . 

1 

Splitting giving ail three types. 


The above results sho'w that the even dirty and the mottled diHy behave as a 
simple pair of Mendelian allelomorphs, the Fj being intermediate for the mottled 
character. 


VIL Inheritance of the size of the outer glumes in rice. 

The inheritance of the size of outer glumes had been studied before,^ and 
the character was then shown to be a simple Mendelian recessive. Like the variety 

I Parnoll, F. R., and others. Inheritance of characters in rice, I. Mem. Dept. Aifri. India 
Bot. Senes, Vol. TX, No. 2. 
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T. 290 ^ (Kakkipaksliibliat.ta) mentioned in that study, there are other varieties 
also which have such long outer glumes. One such is E. B. 141, where the outer 
ghmies are even longer than in T. 290 studied before. To find out whether this 
character was genetically the same in the two varieties, a cross was made between 
E. B. 141 and T. 1083, a variety with ordinary outer glumes. The?, instead 
of having outer glumes like T. 1083, as should be expected from the previous 
results, had outer glumes intermediate in size as is shown in Ficr. 3. This 
led us to believe that the character of the outer glumes in E.B. 141 was a partial 
dominant and the behaviour of two Eg families giwn in 1925-26 (Table XIXl 
confirmed our expectations. \ ^ ) 



Fig. 3. 
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Table XIX. 


Jo ofE. B. 141 X T. 10S3, 


Fa.'niiy No, ^ ' | 

Ordinary 
outer glume 

Intermediate 

type 

Long outer 
glume 


. 258 

481 

244 

, 6199 . . 

178 

327 

168 

T'-vrALs . 

436 

808 

412 

Cal 1:2:1 . 

414 

S2S 

414 


Plants vvitli tlie long outer glumes are almost one-fourth of the total, and the 
slight prexjonderance of plants with the ordinary outer glumes may be due to the 
difficulty experienced in the separation of some of them from the intermediates. 
Plate VII gives an idea of the range of variation obtained in the size of the outer 
glumes, all the middle five classes grouped together as intermediates. 

12 plants representing all the variations in the intermediate group, were select- 
ed from family No. 6199, and grown as FgS. All the selections segregated for the 
size of outer glume, and gave the three groups as in Pg. The total ratios for the 12 
families were ; — 

outer glume Inter, type Long outer glume 

227 5S4 209 

Cal 1:2:1 . 510 255 

It is evident from the foregoing results, that the character of long outer glumes 
in E. B. 141 is different genetically from the same observed in T. 290. Recently 
Lien Fang Chao^ has recorded results showing a 15 : 1 ratio between ordinary outer 
glume and long outer glume, proving the presence of two duplicate factors for the 
character. It is probable that there are a number of different genetic factors for 
the development of the outer glumes in the different varieties of rices. 

¥111. Inheritance of brown rice. 

In the inheritance studies in rice^ it was explained that two factors A and N 
are necessary for the production of pigment in the rice plant, and that the presence 

Bbr fooimotes see page 2oS 
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of oiie of tkese, A, is necessary for the production of either, ‘ red rice ’ or ■' purple 
rice’. In the absence of factor A, the red rice factor R, ju’odiicos ' Urey Brown’ 
rice, and the purple rice factor, P, produces ‘ Brown rice 

To confirm the anticipated constitution of Purple and Brown rices, an unpig- 
mented plant with brown rice was crossed with a pigmented type with white rice. 

Unpjgmentefl plant %vith brown rice . . . . . . . aannPP 

Pigmented plant \vitU vvhite rice ,. . . , . . . AANNpp 


The Fi as expected, was pigmented and had purple rice (AaNnPp). 
The Fo g3ve four fcyjies of plants as shown below : — 


i 

PlGMBNTEn PLANTS WITH 

UNi’IOMHxN’TKI 

) I’LAN'I’S W'lTH 

Purple rioo 

1 Wliite rice 

Brown rice 

White rice 


APN ■ ■ 

t I 

I A P n i 

a P X 

a p n 


809 

li'8 

142 

,5*!) 

9 : S ; S 1 . 

Sol 

117 

117 

' S!) 


The 9 : 3 : 3 : 1 ratio is repi-esented but the numbers are nut near enough to the 
expected. The results, however, show that the relation between purple rice and 
brown rice is just the same as that between retl rice and grey brown rice. The pig- 
mentation factor A and the purple rice factor P, are both necessary for the produc- 
tion of purple rice, and in the absence of A, factor P, jiroduces brown rice. 

^ loc. eifc. , . ' 

No t'haracteiy in rice, if. Jfem. DciH. A(iri. Indin, lint. 
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EERATA. 

Memoirs of the Department of Agriculture in InMa^ Botanical Series, 'Volume 
XVIII, No. 2 (Root Development in Rice under Different Conditions of Growtli, 
by Mr. R. L. Setlii). 

Page 78, figure 3 — letterpress: — 

For “ anatomy of a land and a water plant of tbe same Natural order read 
“ anatomy of a land plant of tbe same Natural order and of a water 
plant,” 

Page 78, last line, and page 79, line 1 

.For “ a typical land and a typical water plant of tbe same order” read 
“ a typical land plant of tbe same order and a typical water plant.” 


MGiPCJ— M— 10-3-31— eco . 
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{a). Disease symptoms. Spots on leaves, leaf-sheath and stem. 


(6). Fungal growth in Richard’s agar of different concentrations (14 days growth), 
The dish to the extreme left contains 5 N concentration. 
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I. Intiiobucjtion, 

A leafspot disease of Sorghum {Andropogm Sorghum) caused by Cercospora sorghi 
has been prevalent in Coimbatore for some years. It was first observed by the 
author on the Central Agricultural Station in the year 1921 while examining 
a Sorghum crop in connection with another disease (leaf-shredding disease caused 
by Sderospora graminicola.) There is no record as to when the disease might have 
started, but doubtless it must have been in existence much earlier than 1921. Some 
of the demonstration specimens of Sorghum colleGted about 20 years ago show the 
presence of a few spots of Germspora disease on the leaves. Hence the disease 
must have been in existeiuie for a long time. In 1909 Barber (1) noticed certain leaf- 
spot diseases of Sorghum in the Madras Presidency besides rust and aiithraonose, 
but no further investigations are reported, nor is the causal organism mentioned. 
Ih'obably one of these may be the Get'cospora leafspot. Since 1921 the disease, has 
l)een observed every year on the Central Agricultural Station and the ueighbouring 
villages and of late it has increased in virulence. 

Kllis and Everheart(2) have recorded in 1886 a disease of Sorghum halepense from 
the United States, the symptoms being noticed on the ‘ leaves as stripes stained 
(lark purple and several inches in extent.’ The causal organism is described as 
( 259 ) 
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Cercospora. aorgJd and a short diagnosis of the fnngns is given. It was found to ailect 
Zeci Mays also. From China Porter(3) has recorded a CercosjMi'a ap. on Sorghum 
cauisiiiir a loss of about 5 per cent. I)ade(4) has noticed a Cercospora, on Sorghum 
for the first time in 1925-26 in C4old Coast, while Snowden(5) has observed Cercospora 
sorglii in Uganda. A])bott(6) has recorded a leafspot disease of corn [Tiea Mays) in 
Peru caused by Cercospora sorglii and it is said to be very common ' causing severe 
firing or drying of the leaves before they are mature.’ Pie has oliserved the same 
fungus causing leafspots on Johnson grass and Iloleus halepensis. Tiio Cercospora 
disease of Sorghum has thus been found to be previilcnt in many parts of thii world. 
But beyond the diagnosis of the fungus by Ellis and Everheart and the mention of 
the occurrence of the disease in other parts of the world by the other writers, no 
detailed study of the disease or the causal organism seems to have been made. In 
this paper are recorded the characteristics of tli(3 disease and the results of the 
stiidias on the morphology and physiology of the fungus. 

2. Symptoms op the disease. 

The disease usually makes its appearance just at or before the time of flowering. 
But sometimes plants a month old have also been found attacked. The attack is 
more severe in the later stages. In Coimbatore two crops of Sorghum (grain crops) 
are raised every year. One called the OJdtrai cholam is sown about the middle of 
March and harvested about the end of June or begiiming of July. The other, 
Veriamanjal cholam is sown in July-August and harvested in December-January. 
The disease has been found to be very common on the latter crop. But in some 
years the earlier crop is also affected. In Ghitrai cholam the disease begins to mani- 
fest itself as isolated spots about the middle of May and gradual^ increases in 
severity. In the later crop it is evident by the end of October or the beginning of 
November. In some years even during the last weeks of September the disease 
has been noticed. Diseases caused by Cercospora are generally influenced by the 
atmospheric humidity.- In Sorghum the disease is found to increase suddenly after 
a spell of wet weather. 

The disease manifests itself generally as spots on the leaves, the colour of the 
spots varying on different varieties. The lower leaves are the first to be affected 
and gradually the infection spreads to the upper ones also. The uppermost leaves 
have fewer spots than the lower ones. Each leaf becomes covered with numerous 
spots and very little of the green surface is left. In severely infected cases the 
whole field presents a reddish blighted appearance. The spots are generally isolated 
and more elongated than broad. But sometimes a number of spots are formed side 
by side so as to form diseased patches. The big veins limit the spread of the spots 
laterally. Isolated spots measure 5—15 mm. in length and 3—5 mm. in breadth. 
Often several spots occur contiguously when the length extends up to 50 mm. even. 
When patches are formed by thii development of several spots alongside each other. 
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tte breadtli varies from 10 — 15 mm. Tiie spots are ampliigenoiis. To the unaided 
eve they do not ajjpear sunken, but in sections the affected portions are found to be 
slightly thinner than the healthy areas. 

The colour of the spots varies with different varieties. On plants witli dark 
green le.-nuis tiio sjMjts aie ]>laekish red-inirple in colour, while on those in wliidi 
the cobji'.r of (he leaves is lighter the spots too become lighter. Tims the depth 
of the colour of tlu^ spots depond.s upon the intensity of tlie leaf colour. When the 
spots are de(?j;er coloured, the central portions present a uniform deep colouration 
and this is bounded liy a lighter coloured red ring. But in the lighter coloured 
spots the centre is ligliter in colour and is bounded by a deeper coloured margin. 
In some varieties especially those with brown leaf sheaths the spots are not red. 
To begin with they are yellowish or light brown. But later on they turn some- 
what grey with nninemus minute black dots on them representing the fructifica- 
tions. Sometimes tln-se spots are bounded by a yellowish or orange coloured 
margin. Tbe upper and lower surfaces sometimes vary in colour ; the upper surface 
is deeper in colour rlian the lower surface or vice versa. Very rarely some spots 
present faint concentric markings. As the leaves turn old and fade in colour the 
spots appear dark ])rown or blackish brown. 

Besides the leaves, spots are formed on the leaf-sheaths also. On the latter 
the spots are liowever bigger than on leaves; the limitation exercised by the veins 
is not present in the leafsheaths and hence the spots are much broader. Very rarely 
small reddish spots appear on the stem as w'ell especially at the higher internodes, 
but these spots remain very small. 

This leafspot often occurs mixed up with other diseases as the rust and 
anthracnose. Though in the first stages they resemble each other, very soon the 
differences could be easily made out. In the rust the pustules are present in the 
spotted areas and in anthracnose the centre of the spot becomes straw coloured or 
whitish with minute black fructifications. These are iiot noticed in the Oereospm'a 
leafspot disease. 

The disease affects several varieties of SorgJmm. On the Millets Breeding Station, 
Coimbatore, the following varieties have been found to be affected — ChitraiveUai, 
Chitrainumjal, Periya/manjal, Inmgu and Thalaivirichan. Besides, several of the 
selections are also affected. Chencholam is also susceptible to the disease. 

?}. Morphology or the fungus on the host. 

The spots are minute to begin with and gradually increase in size. The fungus 
mycelimn permeates the tissues at the affected spots. The hyphas are at first, 
hyaline and intercellular but later on may be noticed inside the cells and they turn 
brown in some regions. They penetrate ail the parenchymatous cells of the meso- 
phyll, but are not found inside the vessels or the sclerenchymatoiis cells. Above 
and below each big vein sclerenchymatous bands extend from the epidermis to the 
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Fig. 1. Grapliical representation of the length, breadth anti .septation of the conidiophn 
iciia collected from nature. 


browiiisli tint. Soraebimes one or two of the ceils of the conidium are shrunken. 
The length, brearltli and septation of the conidiophores and conidia are shown, in 
figure 1. 


CONIDIA 
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liOHi's. They originate from the ends of the conidiophores. If the latter are brolcen, 
the germ tube forms internally from the septum and comes out through the broken 
end. The conidia germinate by giving rise to a number of germ tubes, each cell 
being capable of producing one. Some conidia, instead of forming germ tubes 
which coutiimo into mycelial growth, directly give rise to conidiopliores. (leiieriilly 
conidia whicli have been rather old and lying for a long time on tlui surface, of the 
leaves or cultures are found to have germinated in this manner. Such (sonidia arc 
also slightly coloured. These conidiophores develop from the terminal cells at 
either ends of the coiiidium and are either short or elongated. Rarely, the coni- 
diophores develop laterally from the conidium. These are coloured brown and bear 
normal conidia. 

4. Pathogenecity op the pungus. 

{a). To prove the pathogenccity of the fungus on Sorghum, several inoculations 
were made on the leaves of healthy Sorghum plants which were grown in pots. 
The leaves were first washed with sterilised water. Suspensions of spores collected 
from diseased plants and from cultures were placed on the leaves. Before inocula- 
tion the leaves were wounded in some plants by pin pricks or by the scraping of the 
epidermis by a sharp scalpel, while in others the leaves were unwounded. The 
inoculated leaves were enclosed inside glass chimneys whose ends were plugged with 
moistened cotton wool. The cotton wool w^as always kept moist to keep up a 
humid atmosphere inside. On wounded leaves red spots were visible on the 4th 
day, while on the unwounded leaves it took 7 — 8 days for the spots to develop. On 
the former, spores were formed on the 7th day, while on the latter they were noticed 
only on the 12th day. These experiments w'ere repeated using bits of culture with 
plenty of mycelium instead of spores. Similar results were obtained. In both 
cases 6—8 out of 10 inoculated plants took infection, much quicker on wounded 
leaves than on unwounded ones. The controls remained healthy throughout. 
Plants in various stages of growth were infect(5d, thus showdng that Sorghum is 
capable of being afiected in all stages. 

{h). Ill order to find out the manner of penetration, suspensions of spores were kept 
on the leaves and examined jieriodically. On the 3rd morning the conidia were 
found to have germinated with the germ tubes ramifying in all directions. Some 
of these had actually passed over stomata without entering them, w^hile others were 
found to have penetrated through the stomata. No case of piercing through the 
epidermal cell w’all w'as noticed. In the region over which the hyphai had spread 
it was found that the guard cells of several of the stomata had ussiimed a red tint. 
In sections of infected portions in the early stages the cuticle on the epidermal 
cells was found to have turned red though the cells themselves did not show^ the 
presence of fungal hyphae. Probably the fungus secretes some substance whicli 
brings about the change in the colour. 
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(c). Iiioculatioiis were conducted on tlie leaves of otter plants known to be para- 
sitized by Corospora. Groundnut, maize, egg plant, tobacco and sugarcane were the 
plants selected. Inoculations were made on both wounded and iiiiwomided loaves. 
Iso infection was noticed in any except in the case of wounded sugarcane leaves in 
w])i<-h reddisli spots dov(dope(l in 2 out of 8 inoculated leaves. The parasitism 
of the fungus appears to be restricted. 

Ellis and Everheart(2) have recorded the fungus on Zea May on which it 
causes Icafspots. Abb<)tt(<>) writes that in Pern one of the important diseases of 
maize is caused by Cermspom sorghi. But the inoculations with tlie local strain 
on maize leaves were not successful. Further maize was being grown on the 
Central Agricultural Station, Coimljatore, in a field next to one having Sorghum, the 
two being separated only by a narrow ridge. The Sorghum crop was heavily 
diseased but no signs of disease caused by Cercospora were found on maize. This 
fact coupled with the failure to infect maize by artificial inoculation goes to show 
that the local strain of the fungus is not parasitic on maize. 

Under laboratory conditions spores from specimens collected five months back 
were found to have lost their capacity for germination. But spores 2 to 2| months 
old retain their viability. 

5. CuLTUEAL Studies oe the fungus. 

(a). This fungus can be cultivated on a number of culture media. A compara- 
tive study of the nature of the growth of the fungus on some of them was made. 
Attention was directed at first towards a comparison of the growths on the usual 
plant extract agars that are employed in the laboratory such as French bean, Quaker 
oats and rice meal agars. In additiop Sorghum-h&i-extmot agar and sterilised 
Sorghum leaves, leafsheaths and stem were also used. The effect of the composi- 
tion and concentration of the media on the growth of the fimgus was next investi* 
gated. For this purpose, synthetic media had to be used. Since Kichard’s agar 
was found well suited for the growth of the fungus it was employed. Sucrose and 
iSor^l^^m-leaf-extract agars of different concentrations were also utilized. 

The growth was studied in Petri dish cultures. The dishes were ordinarily of 
the same size and the same amount of medium was used for each dish. Com- 
parisons were made by noting the radial advance in Petri dish cultures and in 
some cases also by finding out the dry weight of the fungus in liquid cultures. 
For the latter purpose the cultures were made in 100 c.c. flasks. 50 c.c. of the 
cultural liquid was used in each case. Duplicate cultures were always set up and 
the averages determined. pH values were determined by the colorimetric method. 
The cultures were kept at the laboratory temperature. The variations in the 
temperature of the laboratory during the time of each experiment are noted 
within brackets under each. 

(&). On all the media the fungus made a slow growth. This feature has been found 
to be characteristic of other species of Cercospora also (7). It takes more than 
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four weeks to spread over the whole dish (80 min, in diameter). Tlie ciiitiiriil, 
characteristics of the fungal growth on the media were ns follows (72'’’ — 81® F.) 
Table I. 


Medium 

Macroscopic cdiaracters 

Miei’Oscnpie c liaracf ers 

French bean agar , 

Aerial growth good, a mixLuro 
of white and grayish-olive in 
colour, submerged growth 
thick matted olivaceous 

1 black, eoneentric zones 

formed, numerous sclerotial 
bodies. 

Jlypluil .strands sttinciiines stick- 
ing up, iniercalaiy swollen 
iiiin walled cells prc.se, nt-, t:oni-- 
diophoivs and conidia foj’ined. 

Quaker oats agar . 

Aerial growth good, wliite and 

1 grayish olive with a touch of i 
pink in .some places, suh- 
merged growth of a darker 
colour, zones luesent, sclero- 
tial bodies. 

Hyphal strands, conidiojhnre,-: 
and conidia formed. 

Pace nu'al agar 

■ 

Aerial growth loose and more 
profuse, smoke gray to gray isii 
olive, submergod grow ill 
dark ivy green, zones very 
faint, not seen on tlu.^ reverse, 
sclerotial bodio.s. 

llyjdiid .strands, ronidiojhores 
and conidia /ieveJoped, young 
bypbin sonietinics ])cad<'d in 
i a]>p(3ara-iiee. 

Sor^ZittHi-leaf-extract agar (2 

(h)od a'rial growtli, pale suioiio 

.l.fypJial strands, conidiojibores 

per eent. agar plva 250 gms. 
of leaves per litre). 

gray, submerged growth oli- 
vaceous black, zones present-, 
a halo of darker colour in the 
medium round the fungal 
growth, sclerotial bodies 
absent. 

.and conidia formed. 

Sterilised Sonjlmn leaves 

Aerial growth loose, pale smoko 
gray to smoke gray, tissues 
blackeueil. 

Abundant spore foraiation, .sole- 
rotial bodies formed, swollen 
thick walled cblamydf)spore- 
like bodies present. 

Sterilised Sorghum atom 

Aerial growth denser, white at 
iii-sl, but, later smoke gray, 
tissues iilaukened. 

iSr-lerotia formed. 

i 


On agar media the fungus made a compact growth consisting of a thiclc matted 
submerged portion and a loose aerial growth. Idie a(',rial hyphre are liyalino when 
young but with age develop a light grayish olive colour. The submerged hyphas 
are hyaline only for a sliort time and soon turn into shades of olive biwn. Indi- 
vidual hyphai are not usually deep coloured ; but since they form a thick gj’owtii, 
the whole mass a|jpears olivaceous l)lack when seen from the luidersidii of the l\;tri 
dish. At the edge of the growth, there is a oartcidgo buff coloui’(;d margin about 
3 mm. in width and made up of young hyphm. The liypha) auastoinos*' freely a, ml 
H connections are very common. On most of tlie media several hypha^ come to 
lie side by side and become united into strands. Th(jse sometimes stick up frotn 
the medium. Selerotioid bodies are common on French bean, oat and rice meal 
agars and on Sorghum tissues. These originate by the close assoeialion and inter- 
twining of numerous short branches of more than one hyphsa lying in (dose |)roxi- 
mity. On agar media these are greenish at lirst and beconm blac.lt witli age, Od 




Photomicrographs of — 1 . Conidiophores and conldia from nature. 2. A cluster of conidiophores after 48 hours in moist chamber. 
3. Swollen chlamydospore like bodies in the hyphae. 4. Mycelial strands and conidiophores from French bean agar. 
5 & 6. Sclerotial bodies on autoclaved sorghum leaves. 7. Photograph showing zonation in sorghum leaf extract agar 
(18 days old). 
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8ori/Jimi> tisHncs l iu'-y are iiiiorc lawvnisli to begin with, and later on turn blaf;k. Older 
|{y]>]try HufiietiriiOri develop rounded intercalary or terminal swollen thick walled 
cells of def^]! edivi.' lirowu ocdour contai'iiing highly refractive bodies. Often sutd] 
-ells aj'f, formed in cliains. Probaldy these serve as ehlamydospores. ijehnuoi 
(8) lias observed {3ertain structures ttoniparable to these in the older mycelium of 
aa/r?/. on potato agar. 

Coiiidiophores are formed in the aerial growth and not in the submerged portion. 
'].'’hev uri.so usually us lateral branches of hyphse but very often they arc produced 
in large numbers fiYun the liyphal strands. The formation of conidiojdiores is 
mainly condiied to the central portion of the growth and grudiially diminisln's 
towards the {jircumhu'ence. They are smoky brown in colour hut the depth of tlie 
colour va.ries wdth the rnedium. Those on rice meal agar are deepest cfdoured. 
Th(?y are sep-ttite luiuh (dongated, 200 to 'J;00|jt, in length, thin and straightened, 
ihich one {woduees a numljer of eoniclia and up to 7 have been noti{;ed in some. 
The distance between the successive bents or spore producing places was Oop in 
some cases. Bffores are* ])rodiiced in large numbers on several media but with the 
age of the culture tlie s]>oru]ating capacity diminishes. 

(e). It was noticed that the conidiophores produced on tlie media are usually 
liigger and have a hirgei- number of septa than those collected from nature. This 
might be attributed either to the influence of the medium or to the humidity inside 
the Petridishes. It has been noticed in other species of Cercospora that humidity 
influences the size of the spores and the'sporophores (7). To find out if the same holds 
good with this fungus, fresh specimens of diseased leaves were collected, cut into 
convenient bits, each havdng a number of spots on it and placed in open Petri dishes 
inside sterilized moist chambers. Measurements of the conidia and conidioplio-refl 
were made from other specimens collected at the same time. After 24 hours some 
of the bits were removed from the moist chamber and the measurements of eoni- 
diophores and spores noted. Similarly, measurements were made after 48 hours 
and 72 hours. Fig. 2 shows the average length, breadth and septation of the coni- 
diophores and conidia after exposure for different lengths of time to a saturated 
a,tmosphere. The conidiophores show an enormous increase in length doubling 
themselves in 24 hours and reaching nearly 4 times the original size in 72 hours. 
At the same time there is a slight decrease in breadth probably due to the raj)id 
elongation. The number of septa has necessarily increased, the longer conidio- 
phores having a larger number of septa. Just as in the case of conidiophores formed 
on the agar media, here too the distance between two successive bents or spore scars 
is great measuring up to 140fi in some cases especially after 72 hours in the moist 
chamber. In the case of the conidinm also a pronounced increase in length and 
septation is noticed after 24 hours, but in breadth the increase is not appreciable. 
Another point to be noted is that spores from specimens removed after 48 and 72 
hours do not show any appreciable increase and are smaller than those of 24 hours 
exjiosiire. This could be explained by the fact than numerous fresh conidia have 




A LEAFSPOT DISEASE OP ANDROPOGON SORGHUM 


uevGTH 


COmDiOPHOKSS- 


COMD/A 


cpoHure for 


T. S. EAMAKRTSHNAN mV 

periods and to mycelial crowding ” (10). , Brown(9) has observed in the growth of 
certain strains of Fusarium “ definite series of rings tjorrespouding to the alternation 
of day and night,” In this fungus also the formation of the zones is due to light 
relation, Inoeiilatioiis were made on the four agar media. One set of cultures 
was ke])t ojjposite a. northern window in the laboratory, w'hile another set was kept 
inside a dark chamber (72®^ — 84® F.). The zones were absent in cultures kept in 
complete darkness, while in those kept outside exposed to light during the day the 
zones were quite distinct. So the zonation is caused by the alternation of light 
and darkness during the day and night respectively. 

Spores were formed in both the series of plates. No distinct difference could 
be made out regarding the intensity of sporulation. Measurements of spores from 
French bean, rice meal and .Son/Z/itwi-leaf-extract agars kept under the two different 
conditions wore made. Though there is slight variation between oertain of the 
measurements, no definite influence of complete darkness on spore size could be noticed. 


SEPTAT/Oiv 


; average length, breadth and septation of spores from {!) /S'orgfftam-leaf-ejftraot, (2) nee 
merl and (3) French bean agars exposed to light and darkness. (Measurements from those 
kept in darkness are coloured black). 
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{h) Change in ih£ reaclion of the medium. The fungus was grown in Richard’s 
solution and the changes in the. reaction of the medium were noted }>y dotermining 
the pH value of the medium at intervals of 10 days. pH values wore determined 
for the control flasks also (82°— 94° F.). Below are given the results. 

Table II. 


Inoculated on 27th March 1929. pH value of the ‘medium at start 3'8. 


Date of examination 

pH of coui.i’ol 

1 pH of inoculated flask 

6th April 1929 

3*8 

4*5 

16th April 1929 ! 

3*8 

! 6-2 

26th April 1929 . 

3‘S 

6-G 

6th May 1929 ... . , . . 

3-8 

! ' . 6-7 



The medium is rendered less and less acid as the growth of the fungus increases. 

Effect of the reaction of the medium. This \ya8 determined in two ways. One 
was by noting the diameter of the growth at intervals on Richard’s agar of diiierent 
Fuller’s scale and the other by finding out the weight of the fungus growth in 
Richard’s solution of different pH values. 

The characteristics of the growth (78° — 86° F.) on Richard’s agar of different 
Fuller’s scale were as follows : — 

Table 111. 


Fuller’s 

Seale 


Diameter i Diameter ! 
ininm. j in mm. I 
in 10 days | 18 days i 


20 I 02'5 i Aerial growth poor with a few radial folds, powdery* olive 

j j gray Mith a margin of cartridge huff, on the reverse 

! more of pinkish buff with a little of deep olive, no spores. 

33 j 30‘5 j Aerial growth better, powdery, a mixture of deep olive 

i j and olive gray wdth white, lighter towards margin, 

I i reverse deep olive surroimcled by cartridge buff, no 

i I .spore.s. 

j 38*.o { Aerial growth good, deep olive gray in centre, lighter 

j towards margin, reverse olivaceous black, few spores, 
i 41 I Best and thick grow'th, whitish mixed with olive gray 

j i reverse olivaceous black with buff margin, more spores. 

35*0 i 41 I yame as in +20. 

results obtained with liquid cultures (78°— 87° F.). 

Table IV. 


Original pH value 


pH of control 


pH after^^o days | i^yeight of fungus in grams 


8-4 I , 

8*7 i 

•101 

7'4 

8*.6 ! ■ 

•238 

6*8 

■ 7*5 1 . 

•260 

S*8 

— 7*6 

•390 

4*6 

7.1 ; 

•339 


thrives well in an acid medium and there is a reduction in growth 
The best growth pecurs between -1-20 and -f 33 Fuller’s 
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if)- of conccnimti 0)1 of ‘medium on groreth. First the effect of incicasing 

th<‘ strength of iS'o>v/Z!;//>?-k‘iif-extract on the growth was noted. The extracts were 
prepared by adding 0. Jo. and 20 grnis. respectively of cut leaves to 150c, c. of water 
a!id boiling. A portion of the extract 'was ]nit in llasks to serve as liquid medium 
and to the rest 3 per cent, agar was added. The radial advance of the growth was 
noted on solid media and tJie w(;ight of the fungus in liquid cultures (S3° — 94® F,). 


Table V. 


No. of days growth 

Concentration 


1 

6/150 ! 

15/150 

! 20/150 

Diameter in 2.1 days 

29*5 ram. i 

34 ram. 

1 33*5 mm. 

Weight in 35 days . 

•015 grins. 1 

•053grm.s. 

I ‘070 arms. 


On agar media the lo’west concentration shows the least growth, while the otlier 
two are alike. In 6/150 the growth is thin. Spores are formed in all the three 
oonceiitrations. In lic{md cultures the weight is found to increase witli the concen- 
tration. The media develop a darker colour after the growth of the fungus. On 
agar media a darker band is formed round the fungal growth. 

Different concentrations of cane sugar in the medium were next used. For this 
purpose media containing 1 per cent.. 2 per cent., 3 per cent., 4 per cent, and 5 per 
cent, sugar, respectively, with 2 per cent, agar were made. The diameter of the 
growtli was noted at regular intervals (73° — 86° F.). Figure 4 shows the results. 



Kg. 4. Diameters pf fuagus growtlas on agar containing different percentages of sugar. 





A LEAFSPOT DISEASE OF ANDEOPOGO?J SORGHUM 



Tlie rate of advance is almost uniform. 1 per cent, sliows flic least growth. In 

2 per cent, and 3 per cent, the growths are equal but more than in 1 per cent. Ihore 
is no difference between 4 per cent, and 5 per cent, but the growth is snore than in 

3 per cent. In all the growth is thin and sparsely aerial and coloured deep grayish 
olive. The submerged hjphse are irregularly swollen and full of granular contents, 
Rpores are formed on all the media but in 4 per cent, and 5 per cent, the intejisity 
W'as less. The measurements of the spores exhibit a slight reduction in size in b per 
cent. Blit between the other concentrations the difference, is not appreciable (.Fig. 5), 


containing different percentages 
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Kicliui'd r; .M.lni.iMij of (iinoi-eni ('oiujcutriitioits wa.s also fmjtloyerl lo nolo fh‘ 
on <4rovv1,iu Ti couuojjl.ralions of tlie juediuin u'ero used, vrj., f)N, 'JN, 'N, ]S'/2, 
iiuil A\/,D whei-e J\' represcnlfi fjio iioonai .sirengtli. (JuihuvH were nmde on solid' 
ana injuid iiiediu {tJio fojiner hy Mie addit-ion of 2 per cent, agar to tlie modiam). 
iMg. U rejiL-esents tiie diameter ou solid media (7(r-~86° F.), 



Oil solid media the growth is fomicl to be most in the normal concentration and 
there is a falling oil on either side, but that towards the higher concentration is mom 
steep and sudden. In N/5 the growth is very thin and white with little aerial myce- 
Imm. ^ In hl/2 the growth is thicker and more eompaot, grayish olive in the centre 
and whitish outwards timiing light grayish olive towards the circumference The 
submerged growth is olivaceous black. N shows the best growth with plenty of 
lenal mycelmm^ and clumps of hyphal strands sticking up. The aerial growth is 
. grayish olive mixed with white and the submerged growth is olivaceous black. In 
2N the growth is less than in N. The central aerial growth is white surrounded by 
grayish olive and the_ edges are pale pinldsh buff. The submerged growth is less 
deeply coloured than in N. The growth in 5N is the least with very little of white 
aerial mycelium. 



27 ‘1 A LEAFSrOT DISEASE OP ANDEOPO(40N SOl{rO£Ui\3 


Sugar is the most important component of the mediuin. Tn tJui abs(.'ii<‘.(' of 
sugar the growth was very thin with fo.w aerial hvjhyQ on solid media and in licjuitl 
cultures there was practically no growth. Next to sugar K NO., seems to l^e mosl; 
essential. In the absence of K NO^ a thin greenish black growth with scanty aerial 
hyphas resulted on agar media. Though the diameter of the growtli was the greut(^st, 
it was very thin and the hyplue were coloured and full of granular contents. In 
the liquid medium the gro\vtli consisted of submerged roundisli mas.ses of light 
green mycelium. On solid media there was not much difference in tlui rtuTial 
advance of the growths on those lacking in ferric chloride or MgSO^ or K 
But liquid cultures showed that the absoiico of ferric chloride was much less" felt 


With liquid cultures also similar results a.i’e obtaiiied. In 5N ar*- dt>v<'loi.H’d 
submerged, ilocculent masses of mycelium while iu c.olour slightly i'.iutc.d grc.oju 
In the others a. crust is formed in addition on the, sur[a,co of tlu' licjuid, the depi h 
of the colour and the thickness of the crust varying ofi either side of Uie luu’ihai. 
The weights of the. growths recorded after 3d days are as follows 


{(f). Effect of rcmoodl of ili^mnit contdiiuculs froiu Niof/ar(l\s oicdliriH. The effect 
of the removal of various componeuts on the growth of the fungus was deteimined. 
Both liquid and solid media (by the addition of 2 per ccijt. agar to the solution) 
were used. Below are the results obtained in both the cases (82''’ — h'l'’'’ ¥.). 


Table VII. 


Table VI. 







4 



+ £o 
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than «)i- K I’l- normal medium tlic fuiij^uis .<(]io\veil I lie 

]je,s[- ;i5-(>wili. jji normal au<l other Utjuid eiilturcH the .submerged growtli was whik* 

1 Hit- ill the absfiiee oi' nitrate it developed a. greenish coloiu’, 

(//). (h'ou.ik 'muiiuit irilli differeid fttrchfjihi^ of K N(K, in Riciturd'i; maliujo. 
>iext was studied the ei7ect of varying amounts of nitrate on the gri>wth of ilie 
fungus. Kiehard’s solution with no nitrate and I, -J, 1, 3/2 and 2 times the iiornial 
amount of K NO., were prepared. A portion was kept as litpiid medium and to 
the oidior 2-| per cent, agar was added. 

On .solid media the growth in tho.se lacking in nitrate is thin and greenish blaelv 
with a few coloured afuial liyphie. The <liaineter of the growth is, howiu'er, t he 
grcate.st. In ;] nitrate tlie growth is fairly thick and matted with plenty of aiudal 
.mycelium varying in colour from .smoke gray to white and having a mealy ajipoaraiice. 
The .submerged growth is oiivae.eous black with cartridge bull colourecl margin. 
Jn, both I nitrate and 1 nitrate a very thick growth is produced with numerous 
hyphal idiimps sticking up besides light grayish olive and white aerial mycelium. 
Tlie submerged growth is olivaceous black with cartridge buff margin. In 3;'2 and 

2 nitrate the growth though thick has less of aerial inyccliuni. In the centre arc 
clumps of hyphffi but towards the margin the surface is smooth and pule pinldsli 
buff with few clumps. The submerged growth also .shows a reduction of the uliva- 
ccous black colour and an increase of the cartridge buff colour. 

On solid media there is a gradual decrease in diameter with tlie increase in coii- 
eentration but above d nitrate the diametius are almost equal. One peculiarity 
is noted about the production of the aerial clumps in the higher concentration.s. The.sc 
are produced in rings with a twisting in the anti-clockwise direction. The weights 
of the fungus growth in the liquid media slrow that 7 |- and uitrate.s are nearly equal 
and there is a fall on either .side of them. The fall is gradual with the increase in 
concentration but is sudden on the zero side. Below are the results (78*^— 86® F.). 


Table VIII. 


No. of clay.s growth 

ONOs 

I 

•INO, 

i 

o ■ 

3 

3 / 2 NO 3 

2NU., ' 

Diamelor iu lum. l-i (lays . 

411 

40 

38 

37 

3r)-.5 

30 

Diamotcr in mm. J.(3 days 

30 

40 

45 

44 

43>5 

43 

Weight in grm.s. ;J0 days 

•000 

•440 

. 

•451 

•333 

•248 

•i88 


Temperature. During the hot months of the year the growth of the fiingii.s in 
culture is very slow. Naturally this mu.st be attributed to the high temperatirre 
prevailing during that period. The maximum temperature in the shade goes up to 
iOO® F. on some days. It was not pos.sible to grow the fimgus at different tempera- 
tures to find out the optimum. But the effect of exposing the culture to a tempera- 
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iiir(3 of C*% (98'0®.— 100*4° if.) inside an incubator was notetL iJontrols wmm-p 

krpL oid.side where the variations were. between 82°F. and 94''b\ j^jV(!t! after 2i) 
days no ^^rowth Jiad taJaiu place in the dishes koj^t in the incul>a,tor. \\dulo those 
k(;pt outside show’-ed good growth. Hence the slow' grow'tl). o])tainal)ic f'hm’ng t]ie 
hot nitudhs must ha attributed to the high temperature prevailing durijig ])arts <tf 
liic day when the growth would be retarded or even stopped and could continue 
only during the cooler hours. 

One phenomenon that was noticeable in these experiments was that in, {if>iu~ 
jiaring the fungal growths in different concentratioiis the radial advauoe alone was 
not a sure indicator of the amount of fungal growth. 'For in some the growth was 
thin and in others thick. In such cases it wuia luicessary to combine this raetiiod 
witJi the deteriniiiation of the weights of the fungal growths from liquid niediuim 
ill certain cases, how'cver, the radial advance alone gave reliable results. 


6. SUMMAEY. 

A leafspot disease of Andropogoti Sorghum caused by Cenmjmra mrghi has been 
prevalent in and around (Joimbatoro for some years. The symptoms of the disease 
and the morphology of the fungus are described. The disease affects a number of 
varieties. The fungus did not infect maize though in other countries it has been 
found to do so. 

Concentric zones are developed in cultures but these are not formed in those 
kept in darkness. Spores are formed in cultures. Urowth in complete darkness 
does not affect the spore size. 

The fimgiis renders the medium on which it grows alkaline. Media of -1-20 
Fuller’s scale or pH 4 — 6 are best suited for the growth of the fungus. 

Using Eichard’s medium, it was found that the growth of the fiingUvS is much 
retarded if the concentration is increased above normal, while dilution also affects 
the growth but to a lesser extent. 

Sugar and K NO^ are quite essential for the growth of the fungus and if either 
is removed from Eiohard’s medium the growth is markedly affected, more so if the 
former is absent. 

Wben different amounts of K NO3 are added to Eiohard’s niofliiim, it is foimd 
that either the absence or too much of it affects the growth, the latter to a lesser 
extent. 

The fungus does not grow at a temperature, of 37°-- 38°C, 
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Prmeipal, P. S. Hvaniia Eao, Lecturer in Botany and S. Siiridararaman, GoverniiKuit 
Mycologist, for affording all facilities and rendering help in this investigation. J 
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I. Introduction. 

Pigeon-pea {Cajams imlicus) ranks Mgli amongst the pulse crops of India— 
entering, as it does, into the daily food of a considerable number of people. It is 
eaten largely in the form of split pulse as dal, while its tender green pods constitute 
a very favourite vegetable. The outer integuments of its seed together with part 
of the kernel provide a valuable food for milch cattle. The stalks are utilized for 
various purposes, such as roofing, wattling sides of carts and basket-making. 

The importance of this crop in the Central Provinces and Berar can be readily 
understood ^when it is realized that roughly 492,166 acres are, every year, directly 
devoted to its production, while mixed with cotton and^W {Andropogon Sorghum), 
it covers no less than 2,008,167 acres. It is grown to a larger extent in Berar 
than in the Central Provinces, owing to its usefulness as a restorative rotation 
crop with cotton. As a pure crop, it is generally grown only on land which is 
considered too poor for cotton. As a mixed crop with cotton, the richer the soil, 
the smaller the proportion of tur {Cajanus indicus) in the mixture, while on very 
rich soils it is omitted altogether. 


( 1 ) 
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The following Ta,ble gives the distribution of area under this crop in the various 
districts of the Central Provinces and. Berar'*': — 


Area under Area under 
Tnr Cotton 

alone and Tur 


Area under 
J'unr and 
Tur 


District 


Damoh 


Jubbulpore 

Mandia 


Narsingbpur 

Hoshangabad 

Himar 


Chhindwara 


Wardha 


Nagpur 


Chanda 


Bhaudara 


Balaghat 
Drug . 
Eaipur 
Bilaspur 


Akola 


Amraoti 


Buldana 


Yeotmal 


Season and crop report of the Central Provinces and Berar for the year 1926-20. 
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Tlie anrnia] lian'o.st at present reaches a total of 142,285 tons which, valued at 
the luoilest fijj;ure of 20 lb. to tlie rupee, runs approximately into Rs. 15,823,920. 

II. Investigations. 

In tlie iinpcoveinent of aii}^ croj) the first steji usually consists in the isolation 
and raising of ])ur(^ strains. Through the help of the district officers, samples of 
see<l of tiir and lu'liar {CajanuH indwm) were obtained from, the various parts of 
the province and growji in tlie Botanical area on the Government Experimental 
Farm, Nagpur. A close study of those samples revealed tliat the oridnary field 
crop of pigeon-pe.a {;(Hisists of a moat diverse assemblage of forms. Isolation of 
constant forms and tlunr growtli in jnire culture was, tlierefore, commenced and 
in 192{), the croji was systtnnatically (dassified into types and the wmlc published 
in the annual report of tliat year under tlie title Glassification of the T 3 ’'pes of 
(Jaja/ius indicus grown in tlie Clmitrai Broviuce.s and Berar The next step in 
the investigations was to make a detailed study of the inheritance of some of the 
more important cliaraoters. For this purpose, hybridization on a large scale had 
to he resorted to. A. preliminary report relating to this aspect of the stud}" was 
piililished in the sectional report of 1927. Since that date considerable progress 
has been made in these investigations and mnen valuable information collected 
which will form the subject of a separate similar publication. 

A. Mm-phological Stiidies. 

Belonging to the tribe Phaseoleae, sub-order Papilioiiaceae of the great 
Natural Order Leguminosae, the genus Cajanus includes but one species C. indicus, 
Sprang, which is commonly known as pigeon-pea, rahar, arhar or tur. This is an 
erect perennial shrub with grooved silky branches. Leaves are three-foliate. Leaf- 
lets oblong lanceolate, acute, entire, densely silky beneath and indistinctly gland- 
dotted. Stipules small, ovate-lanceolate with thick median nerve. Stipels filiform. 
Flowers borne in axillary corymbose racemes, often forming a terminal panicle. 
Bracts similar to stipels, caducous, Pedicels downy. Calj^x tube camj)anulate, 
teetli short, each one nerved, the two upper sub-connate, the three lower spreading. 
Standard obovate, emarginate, shortly clawed, with two inflexed auricles at base. 
Wings obli(piely obovate, clawed. Keel obtuse with an incurved tip. Stamens 
diadelplious. Ovary subsessile, few oviiled. Style long, filiform, much upeurved. 
Stigma capitate. Pod linear straight, narrowed at both ends, densely glandular, 
pilose with oblique depressions between seeds.* 

Germination. The seed of pigeon-pea is usually sown at the beginning of the rainy 
season and under suitable field conditions, the seedlings begin to appear above ground 
on or about the fifth day. On the second day the testa splits open near the micro- 
pyle, and the tip of the radicle elongates and emerges from the seed coat. The 
hjqjocotyl appears as an arch on the third day and continues to grow upwards. 


Dulihie, J. E. The Flora of the Upper Gangetio Plaiu. 
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Wlien the arch has attained the height of 1 cm,, the cotyledons whicli are folded up 
in a conduj)licate and half-equitant manner escape from tlie soil. 'I'iie hypocotyl 
develops a light purple colour and straightens out in about six hours. 'Fhe coty- 
ledons now begin to increase in size, turn green and by the seventh day become fully 
expanded (Plate I). The plumule, which is at first concealed between tlie cotyle- 
dons, develops into the stem and leaves of the plant. When the seedlings are abouii 
a month old, they stand about 24 cm* from the ground. At this stage the axillary 
buds begin to grow and the mature cotyledons which have assumed a length of about 
6 cm. begin to drop off. The first foliage leaf is generally three foliate, sometimes 
one or two foliate. The cotyledons bear minute stipules about 0*2 cm. in length. 

Habit of growth, Tur plants show considerable variations in height. The point 
on the main stem where branching be^ns, the number of secondary branches aiul 
the angle at which these are given off also vary. [Plates 11, III, IV and IV(a).| 
The height, of course, must vary with the general conditions of nutrition, but under 
the same environment, it has been observed that, among the early ripening turf(, 
Type 2 d. and Type 6 c. are definitely dwarf, while Type 13 o. is distinctly I, all! For 
example, in 1926, when the majority of the early ripening turs attained a lieiglit of 
140 to 160 cm., Type 2 d. and Type 6 c. measured 112 and 120 cm. respectivclv, 
while Type 13 c. was as high as 192 cm. Amongst the late ripening arhms, tlie 
upnght forms have been found to attain a height of 210 to 230 cm. as against the 
spreading ones which seldom go beyond 190 or 200 cm. 

In most types the branching begins from the 6th to the 10th node, i.e., 15 to 
25 cm above ground, but Type 1 b. and Type 19 do not give ot their first lateral 
branch below the 16th node, which is usually 30 to 40 cm. from the ground. 
Branching in the spreading forms of the late ripening turs commences a little lower 
on the stem than in the case of the upright forms. 

Variations have also been observed in the tendency of the various types to pro- 
duce side shoots. While some like Types 19 and 22 throw off only a few side 
branches, there are others which give many vigorous side shoots. 

Widest range exists in regard to the angle at wliich the secondary branches arise 
&om the mam stem In the case of plants with spreading habit, the basal branches 
arise at an angle of 60 “JO , while in the erect forms branching takes place close to 
the stem at an angle of 30 -40^ Due to these variations, four diffW tvpes of 
branching can be recognized 

(i) B,ml btanches arising at an angle of about 30“ and giving an absolutely 
erect appearance, , 

(n) Basal branches arising at an angle of about 40 ° and givino- an erect 
appearance. xo utua, 

^ “* ™ “ S'-mi-ei'eot 

(iv) Basal bpanohes arising at an angle of about 60“ and giving a spreadiu.. 

- open appearance. » a spxuiaiug 



»• . 


' 



Branches 



Type 16 b. 



Type 10. 


Branches 
.Types of branching 




PLATE ii. 


Type ! b. 


erect. 


Type 5 b. 


spreading. 




Type 2 b. 

Branches semi-erect. 


Branches spreading. 
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Root system . Th e root system appears to be closely related to tli e liabit of growtli . 
The lateral roots are muoli longer in the spreading types than in the erect forms. 
But Type.s 19 and 22 possess sparse root system, while in the case of 1 b. 
short rootlets have been observed to arise at an acute angle near the surface of the 
ground. (Plate Y). 

Leaves The total length of the leaf, as also the size, shape and texture of the 
leaflets, difl:er in the various types. (Plate YI.) Differences also exist in the tone 
of colour of foliage. Among the early ripening iWA', Type 19 possesses the longest 
leaves - -17 om,, and Type 2 d., Type 3 d. and Type 6 o., the shortest — 9 to 10 cm. 
only. In most of tlie other types, the leaves are 11-14 cm. long, their raohis 2*4 
to 4 cm. ; blade of the teruiinal leaflet O to 8 cm./2-3 to 3-4 cm. ; rachilla 1-2 cm. ; 
right leaflet C-b/ 2-.b cm. ; tlu^ left leaflet 0-3 cm. larger than the right, its rachilla 
0*3 cm. In Type 19, the main stalk is 4 cm. ; the terminal leaf blade 10*3/ 3*3 cm. 
and rachilla 2-2 (iui. Baehis in the case of Type 3 d. is very short, while the terminal 
leaflet in Type 1.8 a. is very broad. Type 14 and Type 13a. possess rather coarse 
leaves. In Type 11 a. the terminal leaflet is deflected at the joint, its midrib curved 
and the leaflet much raised. The colour of leaves in the case of Type 1 b., Type 
2 b., Type 17 b., Type 18 a. and Type 19 is dark green. Among the late ripening 
tufs, Type 22 possesses very large leaves— -23 cm. ; while Type 23 b. has only small 
leaves. In mo.st of the other types, the leaves measure 13 to 15|cm. In Type 23 
the leaflets are broadest at the base and taper sharply at the apex ; the terminal 
leaflet is deflected at the joint and its midrib is miicli curved, raising it above the 
level of the other leaflets. 

Flowers. The flowers are borne on corymbs about 2-5 to 3 cm. long when the 
lowest flower opens. After this the inflorescence elongates into a raceme 4-9 cm. 
The infloresoenee varies from the elongated form in Ty^e 9 b., Type 10, Type 17 b. 
and Type 19, by every gradation to the short forms in Type 3 d., Type 6 c., Tyj^e 
11 a. and Type 22. The length of the peduncle in the elongated forms varies from 
7 to 10 cm. and in the short ones from 3 to 4*5 cm. In the late ripening arhars^ 
the flowers are more or less grouped together at the end of the branches. In the 
early turs tliey are distributed along the branches. Usually two flowers open at 
a time on the same inflorescence, but the process of flowering continues in each plant 
almost up to the time of harvest. The various types show great difference in the 
length of there growing period as well as in the time at which they start flowering. 
For instance, the early ripening turs of Nagpur and Berar are ready for harvesting 
in December, while the late arhars in the north of the Province do not ripen until the 
end of Ma, roll. Aiiiong very early types start to flo'wer in the last week of 
September ; early types in the first and second week of October ; medium types in 
the thii’d week, and the late types in the 4th week of October or even later. The 
a.rh:ir plants start to flower after the first week of November. 

With the exception of Types 19 and 22, which possess large flowers, there is hut 
slight difference in the size of flowers of the other types. The length of flower 
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ra,iiges from 2-4 to 2-9 cm., pedicles are 0-7 to 1-2 cm., calyx 0-7 to 0-9 cm./0-3 to 

0- 1 dll., teeth 0-2 to 0-3 cm., standard 1*() to 1-9 cm./l-d to 1-8 cm. and claw 0-3 cm. 

Flowers in Type 19 are 3 cm. long, tlieir peflicles 1 cm., calyx M (tube O-O cm., 
teeth 0-5 cm.); Standard 2-0/1-8 cm.; wings l*6/0'7 cm. , keel l-C/0-5 cm., stamens 

1- 5 cm. , and ovary 0-45/0-15 cm. 

The (iolour of the flower is very distinct and constitutes the chief distingnisliing 
feature in the types. (Plate VII.) The flowers may be : — 

(1) Pale yellow% back of standard with self-coloured veins. 

(2) Thile yellow, liack of standard veined with red. 

(3) Yellow, baek of standard with self-coloured veins, 

(4 ) Yellow, back of standaril veined with red. 

(5) Yhdlow, back of standard with deep purple veins purple spreading bet- 

ween veins in lower half of standard. 

(6) Orange yellow. 

(7) Yellow, back of standard purple. 

Pods. The pods vary in size, width and the nature of the markings. They 
are very large in Type 22 (10 cm.) and small in Type 13 c. (5*5 cm.). In other types 
the length varies from G*5 to 8 cm., width from Odi to 0*9 cm. and the stalk from 1 
to 1*5 cm. Pods in Type 19 are very broad {1*2 cm.) and pendent, with their 
tips pointing downwards, while in Type 13 c. they are quite erect. The pods 
maybe : — 

(i) Green. 

(ii) Greeu blotched with maroon or 

(iii) Bark (Plate VIII). 

Seeds. The seeds differ in respect of size, shape and colour of the seed-coat. 
From the point of vie\v of size, four grades have been distinguished and have been 
described as very large, large, medium and small. (Plate IX.) Biftererces also 
exist in the shape of the seed which may be round, oval, kidney-shaped, or slightly 
rectangular. (Plate IX.) But for each tj’^pe, the size, shape and colour are 
constant. The c.olour of the seed-coat may be : — 

(1) Dirty white to distinctly w'Mte. 

(2) Light brown to chestnut brown. 

(3) Bark mottled brown, and 

(4) Purplish black. 

(Plate IX.) 

In white seeds a spot occurs on the micropyle the colour of which varies from 
light brown to dark brown. In certain seeds two prominent ridges may be noted 
on the hilum. 
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Fig, i . Flowers pale yellow, back of standard with self coloured veins. 

Fig. 2. Flowers pale yellow, back of standard veined with red. 

Fig. 3. Flowers yellow, back of standard with self coloured veins. 

Fig. 4. Powers yellow, back of standard veined with red. 

Fig. 5. Flowers yellow, back of standard W'ith deep purple veins, purple spreading between veins in lower half of 
standard. 

6, Flowers orange yellow. 

Fig. 7. Flowers yellow, back of standard purple. 
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B, Flowcrififf, Pollhiation and Natural Cross-fertihkation. 

Oiir study of tlic ilowermg, pollination and cross-fertilization in this ftroj) has, 
generally speaking, yielded results similar to those obtained and descril>ed hy the 
Howards. ^ 

Flowerimj. CJertain variations have been observed in regard to the duration of 
the opening of flowers at Nag})iir. Towards tlie end of November 1925, (djser\'a.tions 
were recorded on the opening and chrsing of 238 flowers. Buds which were likely 
to open the following day werei labelled in the ev^'ening and the investigations were 
continued until dusk the next day. The results obtained are tabulated below : — 

^ Studies in. the Pollinatioii of Indian nrouH. Mem, Dept. Aqi'i. India. Bid. Ber., VoL X, No. 5, 
1920 . ■ .. 



STUDIES m OAJANUS INDIOUS 





MAHTA AN1> DAVE 


Time of 


Time of ! Duxa- 
ciosing I tion 


Time of 
opening 


Time of Dura- 
closing tion 


Time of 
closing 


Dura- 

tion 


Time of 
opening 


Time of 
closing 


Dura- 

tion 


opening 


3-15 After 6-80 

3-16 After 6-SO 


3-20 12 A.M. 20-40 

3-26 After 6-30 


2-18 After 

2-16 After 


8-25 After 
8-26 1-16 


6-30 

After 


After 

After 


3- 45 After 

4- 0 After 


After 

After 


After 

After 


After 

After 


2-40 After 
2-40 


2-45 4-45 

2-46 After 


2-45 After 

2-45 6-30 


-60 After 


6-0 

After 


After 

After 


After 

After 
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It will bo seen that 4 flowers opened between 9 and 10 a.m.; 6 between 10-6 and 
11 A.M.; 27 between 11-5 and 12 noon; 4-1 between 12-5 and 1 p.m.; 36 ])etween 
1-5 and 2 P.M.; 4-7 between 2-5 and 3 p.m. ; 21 betaveijn 3-5 and 4 p.m.; 7 betw-een 
4- 5 and 6 p.m.; a nd 4 ])etween 5-5 and 6 p.m. 24 flowers wore oleistogamic and some 
of thes(^ produced fully developed pods. 6 flow’^er.s opened partially and tlien closed ; 
wliile 15 buds dried up or were damaged by blister beetles. 

Of the 191 buds which opened into flowers, 170 closed the same day. Observa- 
tions on similar lines made on the 13th November, 1926 showed that out of; 671 
flowers, whi(.!li 0 ])ened, 492 closed the same day. Thus, it is obvious that w^hile the 
duration of opening may be as long as a day and a half at Pusa, at Nagpur it does 
not exceed 6 hours. A ;few flowers, which opened at about 4 p.m. or after, remained 
open throughout the night and closed before noon the following day. The dnra- 
ti(»n of opening of flowers w'hich were bagged with paraffin paper or which wore 
under muslin bags, however, was observed to be similar to that at Pusa. Out 
of 230 flowers which opened under bags, only 14 clos('d the same day, wdiile 216 
remainoil open throughout the night. Under muslin bags the flowers were noideed 
to start opening about -10 minutes earlier than was tlie case with unbagged phints. 

The following Tabic gives the duration of flowers in imbagged jdants 

No. of flowers Duration of opening 

3 35 minutes to 1 hour. 

8 1 hour 6 minutes to 1 hour 30 minutes. 

21 1 hour 36 minutes to 2 hours. 

46 2 hours 6 raiimtes to 2 hours 30 minutes. 

29 2 hours 35 minutes to 3 hours. 

18 3 hours 6 miiiute.s to 3 hours 30 minutes. 

7 3 hours 36 minutes to 4 hours. 

2 4 hours 6 minutes to 4 hours 30 minutes. 

1 4 hours 35 minutes to 6 hours. 

0 6 hours 6 minutes to 5 hours 30 minutesf. 

1 ‘ 6hoi<i?s-35r]Qinutesto6liouPS. 

- ■ 3 • ■ -17 hours. ' . 

3 18 hours. 

4 19 hours* 

’ . ' 6 20 hoursi". ’ ’ ‘ 

■ 6 • . ,i;l hours, ■ 

2 22 bou-cs. V 
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Pollination. In young buds tlie stigma lies above the level of the anthers and 
the style is so eurvcd at the tip that the stigniatio surface is directed towards the 
antlu'rs wlueh are arranged around the style in two groups, live abov(‘. aud live 
belov'. With tlu! deveh^piiKuit of tlie bud, the liiaineuts elongate Ijringiug the top 
five aiitliors to the hnad of the stigma. This stage is (!omplet<al before the })ursting 
of tlie antliers, which, occurs in the bud a day before the flower opens, fn s]ute of 
the fact that the stigma is completely covered with the ]3ollen of the same flower, 
self-fcrtilisiiation is not the rule in this crop. MegacMle lannta ami Apis flnrea visit 
every open flower and bring about cross-fertilization. Mogaehile lanata. gras]:)S 
the wing with its middle and hind pair of legs, presses its head forcibly against the 
staaidard and sucks the honey from the flower. Tlie wings and keel of the. llowe.r 
are prossiid downwards and the pistil and stamens project from the Iceol ami rub 
against its body as they pass betwe^en the, abdomen and one of the hind pnir of h'gs. 
The 1)00 also collects jjollen adhe.ring to the anthers and departs, when the stiimens 
and ])jstil return to their former position. Mcgachih lanata licis also ])ecn noticed 
to open tlie buds which are about to flower. The small bee, Apis fim-ea, Ims a habit 
of alighting on the wings of the flower and getting at the pollen liy separailng the 
upper edges of the keel petals by holding one keel petal by the legs and pushing 
the other by the head. A few flowers are, also visited by the large black l)ee. Such 
flowers are easily recognisable as the insect is too heavy and the stamens aud pistil 
do not retreat to their former position for a considerable time after the departure 
of the visitor. 

In, our hybridization work for the study of the inheritance of certain cliaracters 
in Cajanus indims, it has been observed that the emasculation of buds, which are 
likely to open the following morning, cannot be carried out after 10 a.m. as at this 
time the anthers begin to burst. 

To ascertain the exact time of bursting of anthers, a number of developed buds 
likely to open the following day were examined. The overlapping margins of vexil- 
lum were carefully loosened, and the. keel petals slightly slit open at the apex to 
render easy examination by means of a lens. Out of 74 buds in which the anthers 
were found to have just burst, 32 flowered the next day as will be seen from the 
following 'I’able : — 



opoued 
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Raiiij- oaiiditioiis to have a marked influence on the sotting of seed in 

tJiis crop. Jn order ta (letcnririine the j)ercentage of setting on rainy days, 270 flower’s 
inarlcpil od tli c If-fc]! of October 1925. Rain started at 11-30 a.m. and contmued. 
till -1- p.Ai. Onriiig this peMiod there wavS no sun-shine recorded. TIic maximum 
tomperiit iav vs'as Sdd, tlie Jtriiiiimum 71*0 and the rainfall amounted to 1*58 inches. 
It \\ tis loiiiid tliat out oftLie270 flowers thus marked, only 4(5 formed pods. The 
■|)orc<.-.*iit<ige of setting -^wiis trdierefore 17. Under muslin bags the percentage of sot- 
ting on cjloufl j (h-ivs -^Yas ifouiid to be only 13. The following Table shows the 
results obtained ii:i onr- inv^estigations on the setting of seed under different condi- 
tions on sunny days :~ 


Bate 

Type 

Flowers 

Flowers 

Flowers 

Flowers 

Crossed 

Set 

Sclfed 

Set 

Bagged 

Set 

IJiibagged 

Set 

l24thDc!CTnibc-jrl026 . 

21 

25 

13 

25 

13 

50 

27 

25 

19 

aiBti Deceinbc!! logo 

22 ■ 

41 

33 



108 

52 

100 

54 

30th December 1920 , 

30 

25 

4 

28 

9 

25 

12 

25 

6 

29th December 1926 , 

32 

27 

4 

23 

7 

25 

10 

25 

11 

28th December 1920 , 

33 

25 

13 

20 

9 

50 

23 

26 

15 

27th December 1920 . 

31 

25 

7 

33 

15 

25 

3 

25 

17 

2ilth December 1926 , 

35 

45 

17 

16 

3 

25 

14 

25 

IS 

25th December 1020 . 

35 

29 

19 

18 

13 

60 

31 

50 

37 

Watl . 

242 

no 

162 

69 

868 

172 

800 

172 

Percents ge of setting 

45 


42 


1 


67 



N" atura-l crass-f^ftilisiaiio'n. Considerable amount of cross-fertilization has been 
observed iio take place kCyajmus indiem. The detection of heterozygous indivi- 
dual is rejaderedeasy if the parent plants used in the determination of the percent- 
age of natiiiral crossings pos sess recessive characters, such as yellow flowers, green 
pods or white seeds. Ilfplsa^nts possessing such characters are selected from a field 
and the seed of each pplanf: sown separately, a large amount of splitting will be 
detected in the progeny. 

In our investig^atiooLS, seed of 61 single plants of early ripening turs, possessing 
yellow flowers, with baeicko'f standard without red veins, was sown separately and 
the poTogeny esiamimed. 38 xows or 74 per cent showed splitting into yellow flowered 
plants and plants with Toack of standard veined with red. Similar splitting in flower 
coloai’ was recorded in 58 jper cent, of the line pultpres raised ip a second set of 
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experiments. The rows grown from single plants possessing green pods se.grc^gated 
in the following manner :— 


Parent plant 


Progeny 

Total No. of 
plants 

Plants with 
green pods 

J’laiits w'ith 
lined pods 

No. 15 

With green pods 

. 41 , 

^ '32 

9 

,21 . , ... 

Ditto 

45 

24 . 

21 -V 

,, 3‘1' . . . . . 

Ditto 

45 

37 

8 

„ 42 . . '■ . ; ^ . 

Ditto 

54 

49 

6 

. 47 . . -■ . 

1 Ditto 

40 

18 

, 22 

„ 4Q . . . . , 

Ditto 

14 

1 ■■ 

5 

„ 79 . . . 

Ditto 

■ ■ 34 

25 

9 

» 87 . . . 

Ditto 

61 

56 

5. , 

„ 144 . . . 

Ditto 

20 

IS ■ 

: ^ : 


In oj’cler to determine the extent to which natural cross-fertilization occurs in 
this crop, t 3 ^os possessing different pairs of contrasting characters were grown in 
adjacent rows in 1927. 116 plants were allowed to seed without being bagged and 
the seed of each of these plants was sown separately. Examination of the progeny 
in the subsequent general ion gave results as shown in the following Tables ; 
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Average percentage oi lieteiozygotes 
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Average percentage of lieterozygotes 
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It will be scon tliut every row shows splitting and that the percentage ot lietero- 
zygOHS individuals amomits to 14 and 13 when pod aud seed rharacters arc talnni 
into account respectively. 

At the same time two of our types — Type 1 and Type 20 — were sown in quarter 
acre adjacent blocks. Type 1 possesses green pods with wdiifce seed and Type 20, 
lined pods with red seed. 119 single plants possessing white seed were selected 
fj'om the first plot and grown separately in rows the next year. 96 rows showed 
splitting. The total number ol plants in these 96 rows was 6,295 out of which 
5,953 plants were found to be white seeded and 342 red seeded. Tlie p>erocntagc of 
heterozygotes was therefore 5. . 

Out of the 144 rows raised from plants with green pods, 94 showed splitting. 
The total number of plants in these 94 rows was 6,1.71, out of which 6,004 plants 
were found to possess green pods. While 167 had lined pods, Tlie percentage of 
lieterozygotes was tlierefcre 3. 

In addition to the above, 60 white seeded single plants were selected from a. 
cultivator's field at Nagpur. His crop consisted largely of wliite seeded //nr but 
all the three types of pods were met with. Of these 60 plants, 33 possessed green 
pods. Examination of the progeny raised from these 60 pbmts, however, sliowed 
a considerable amount of splitting. 24 rows containing an nggrogate ot 1,544 
plants gave 1,498 plants possessing wliite and 40 plants possessing red seeds. The 
percentage of heterozygous individuals was thus 3. Again, of tlie 33 rows — the*, 
progeny of plants possessing green pods — 28 showed splitting into plants possessing 
green, blotched and dark pod.s. The percentage of heterozygotes was thus 14. 

G. Classification. 

There are several references to the o-cciuTence in India of two forms of Oajmins 
imlicus. Eor example, Cook in the Flora of Bombay Presidency states tliat thijre 
are two varieties, one (0. flavus) with the standard wlioll}'' yellow and the other 
{G. bicolor) in which it is veined with red. The existence of two varieties, wit.h 
yellow standard {G. flams) or veined with red {Q. bicolor) is also noted by Hookrer, 
Gammie and Diithie. Krauss (University of Hawaii) refers to Cajawm indicus as 
consisting of one variable species subdivided into G. flavus which has yellow flowers 
and self coloured seeds and pods, the latter glabrous, and G. bicolor, yellow flowered 
with back of standard red, seeds speckled, pods blotched with maroon, and surface 
pubescent. 

In the Central Provinces, there are (KU-tainly two distiiuit foauns of Cajaws 
indicus hut the distinguishing features of these arc not those noted by the authors 
quoted above. Tlio two forms met with in these provinces can bo rcii,dil_y distiii- 
guislied in the field. The first is a short, early ri])ening var.ie,ty, g(‘,mu;ally known 
as kir and the second, a tall, late ripening variety, commonly r(vf<?rr(',d i;o as arhur. 
Onr inv(istigations lead us to believe that any disiiinction b(>,tween the t'wo vai'ieiue.s 
based on flower or pod colour cannot be accurate, as same flower and ])<)d colours 
are met with in both the varieties. 
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. Meditim in flowering. 
Medium in flowering. 

Early in flowering. 
Early in flowering. 
Early in flowering. 


Early in flowering. 


Medium in flowering • 
Medium, in flowering. 

* Early in flowering, 
t Medium in flowering. 


(6) Branches erect arising high on the stem. 

robust . . . . , 

(c) Branches sjn'eadhig , , , 


Medium in flowering. 

* Medium in flowering 
t Bate in flowering. 


A77/ B0 o/Cajanii^ 

I, Early Ripening. {Ttir.) 

I. Jrlowcrs pale yellow, hack of standard with self coloured veins. 
A. Pods green. 

i. Seed 'white. Type 1. 

{a) Branches erect 


{b) Branches erect arising very high on 
(o) Branches spreading . . 

ii. Seed brown. Type 2. 

{a) Branches erect . . . 

(6) Branches semi-erect . 

(c) Branches spreading . 


the stem 


[d) .Dwarf branches spreadhig . 

B. Pods green blotched with maroon, 
i. Seed white. Type 3. 

(«) Branches erect . 

{h) Branches erect sparse like T. 19 
(c) Branches spreading . 


{d) BranGhe.s spreading. Plants very slmrt 
ii. Seed brown. Type 4. 

(o) Branches erect ..... 

{b) Branches spreading .... 

C. Pods dark. 

i. Seed white. Type 6, 

(ffl) Branches erect . . ... 

{b) Branches spreading , . , . 

ii. Seed bro'wn. Type 6. 

(c) Branches erect 

(6) Branches spreading .... 
(c) Branches very spreading Dwarf . 

. Flowers pale yellow, hack of standard veined with red. 

A. Pods green. 

Seed brown. Type 7. 

Branches spreading ..... 

B. Pods green blotched with maroon. 

i. Seed white. Type 8. 

(ffl) Branches erect . . . . , 

(&) Branches spreading .... 

ii. . Seed brown. Type 9. 

(«.) Branches erect . 


Medium in fiowering. 
Eai‘ly ill flowering. 
Medium in flowering, 

* Early in iluwerhig. 

f Medium in flowering 
Early in flowering. 

* Early in flowering. 

f Medium in flowering. 
Medium in flow'ering. 


* Early in flowering. 

f Medium in flowering 
Early in flowering. 

* Early in flowering. 

f Medium in flowering. 
Early. 

* Medium in flowering 
t Late in flowering. 

* Early in flowering. 

f Medium in flowering. 
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0. Pods dark. 

Seed brown. T3rpe 10. 

Branches .spreading . . . 

3. Flowers yellow, back of standard with self coloured veins. 

Pods green blotched with maroon. 

i. Seed white. Type 11. 

(a) Branches oicet ..... 

(fi) Branches spreading .... 

ii. Seed brown. Type 12. 

(«) Branches erect 

{b) Branches spreading .... 

4. I'lowers yellow', hack of standard veined with red. 

A. Pods green blotched with maroon. 

Seed brown. Type 13. 

(a) Branches very erect .... 

(b) Branches erect ..... 

(c) Branches erect very tall . . . 

(d) Branches spreading .... 


Medium in llf)wering. 


* Marly in ihoveritig, 

I Mo«liina in liowering. 
Late in tlowering. 

Medium in flowering. 
Medium in flow'eriug. 


Mbduim in floAvering. 

* Marly in tlowering. 

I Medium in li(iwering. 
Late in flow'ering. 

* Medium in flowering. 
I Late in flowering. 



B, Pods dark. 

Seed brown. Type 14. 

Branches erect . * Medium in flowering. 

t Late in flowering. 

5, Flowers yellow, back of standard with deep purple veins, purple spreading between veins in 
lower half of standard. 

Pods green. 

.i. Seed white. Type 15. 

. I . ; Branches erect, sparse ...... Early in flowering, 

ii. Seedhro’^. Type 16. 

(tt) Branches erect Medium in flowering. 

t liato in flowering. 

(6) Braiiches spreading . . , . . . Medium in flowering, 

*6/ Fbwers orangh yellow. 

A. .Pods.gi^n blotched with maroon. 

^ * 'Seed purplish black. Type 17. 

(а) Branches erect Medium in flowering. 

(б) Branches spreading Medium in flowering. 


B. Pods dark. 

Seed purplish black. Typo 18, 

(а) Branches erect 

(б) Branches spreading 
Flowers yellow, back of standard purple. 

Pods green blotched with maroon, 
j. Seed white. Type 19. 

Branches erect sparse . 

}i. Seed brown. Tyjje 20. 

Branches erect , . , 


Early in flowering. 
Early in flowering. 


Early in flowering. 


Late in flowering. 
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II. Late ripening. (Arhar), 

1. Flowers yellow, back of standard with self coloured veins. 

A. Pods green. : 

i. Seed distinctly white. Type 21. 

(n) Branches erect. 

(b) Branche.s spreading, 

ii. Seed large white. Type 22. 

Branches erect, sparse, 

iii. Seed white. Type 23. 

{«) Branches erect. 

(6) Branches spreading. 

iv. Seed brown. Type 24, 

(а) Branches erect- 

(i») Branches spreading. 

B. Pods green blotched with maroon. 

i. Seed white. Type 25. 

(ft) Branches erect. 

{h) Branches spreading. 

ii. Seed brown. Type 26. 

Branches erect. 

iii. Seed dark mottled brown. Type 27. 

Branches spreading. 

0, Pods dark. 

i. Seed white. Type 28. 

(ft) Branches erect. 

{b) Branches spreading. 

ii. Seed brown, Type 29. 

Branches erect. 

2. Flowers yellow*, back of standard veined with red. 

A. Pods large green. 

i. Seed large white. Type 30. 

Branches erect. 

ii. Seed large brown. Type 31. 

Branches erect. 

B. Pods green blotched with maroon. 

i. Seed white. Type 32. 

Branches spreading. 

ii. Seed browm. Type 33. . 

Branches erect. 

0. Pods dark. 

i. Seed wdiite. Type 34. 

Branches erect, 

ii. Seed brown. Type 35. 

(ft) Branches erect. 

(б) Branches spi’eading. 

3. FloAvers yellow, back of standard light pnarple. 

Pods green blotched with maroon. 

Seed brown. Type 36. 

Branches erect. 
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Descriftion of tJie ty‘pes. 

(i) Turs. 

I'ypp. 1. c. Plants short (120 cm.) ; medium iu flowering. Branelics s] treading- 
at an angle of 60°. Flowers pale j^ellow ; back of standard with self coloured veins ; 

pod.s green ; seed whitej small, roimd. 

Type 2. b. Plants very early in flowering and ripening. Branches semi-erect, 
at an angle of 50°. Leaves deep green. Peduncle sliort (5 cm.). Flowers pale 
yellow : hack of standard with self coloured veins ; pods gree]} ; seed liglit brown, 
medium, round. 

Tyjje 3. d. Plants short, early in flowering. Braiiclios arising at an angle of 
40'’’, but bending downwards. Leaves small {10-4 cm.). Peduncle short (4 cm.). 
Flowers pale yellow ; back ot standard with self coloured veins. Pedicle and calyx 
green. Pods blotched with maroon. Seed white. 

Type 4. a. Plants late in flowering. Branches very erect, a,t lui angle of 30°. 
Leaves .sma.ll (11. cm.). Peduncle short (4 cm.). Flowers pale yellow ; ]ia<j:k of 
standard with self coloured veins. Pedicle and calyx green. Pods blotclicd with 
maroon. Seed brown, small. 

Type 5. a. Plants medium in flowering. Branches erect, at an angle of 45°. 
Flowers pale yellow j back of standard with self coloured veins. Pods dark. Seed 
white, medium. 

Type 6. c. Plants dw-arf (120 cm.) early in flowering, with characteristic type 
of spreading hranclics which ari.se almost a.t right airgles Ligli np on the nmin stem. 
Leaves small (10-5 cm.). Peduncle .short (4 cm.). Flowers pale yellow, back of 
standard with self coloured veins. Pedicle and calyx green. Pods dark ; seed 
light brown, small. 

Type 7. ’Plants earh' in flowering. Branches spread.ing at an angle of 60°. 
’Peduncle short (5 cm.), Flower.s pale yellow ; back of .standard veined with red. 
Pods green , seed brown medium with two prominent ridge.s on the Lilum. 

Type S. b. Plants medium in flowering. Branches .spreading at an angle of 
55°. Flowers pale yellow ; back of .standard veined with red. Pods blotched with 
maroon; seed white, medium. 

Type 9. b. Plants tali (175 cm.), robust, medium in flowering. Stem red. 
Brandling very characteristic and sparse ; branches arising very high up on the 
main stem, from 17th node, 50 cm. above ground at an angle of 55°. Leaves deep 
green : pedicle and calyx green, faintly streaked. Flowers ]}ale yellow ; ba.ck of 
standard veined with red. Pods blotched with maroon , seed an attracth'e brown 
colour, large. 

Type 10. Plants medium in flowering. Branches very spreading. Peduncle 
long (9 cm.). Flowers pale yellow ; back of standard veinecl with red. ' IVkIs chui: ; 
seed light brown. 
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Type 11. a. Plants tall, medium in flowering. Stem and branolies red. 
Branching erect, at an angle- of 45"'. Leaves dark green. Plowers deep yellow; 
back of standard with self coloured veins. Pedicle and calyx green ; streaked on 
the iijjper side. Pods blotched -with maroon ; seed white, medium. 

Tyjm 12. a. Plants tall (170 cm.) medium in flowering. Branches erect at an 
angle of 4Ck, Plowers deep j^ellow ; back of standard with self coloured veins. 
Pods blotched with maroon ; seed brotvn, large. 

Type 13. c. Plants very tall (192 cm.). Branches erect at an angle ol 45°. 
Leaves small (11*9 cm.). Pedicle and calyx green with few streaks on the upper 
side. Flowers yellow ; back of standard veined ndtli red. Pods small (5'5 cm./0-6 
cm.) Idotchod with maroon ; seed small, brown. 

Type 11. (t. Plants medium in flowering. Branches erect, at an angle of 40'°. 
Leaves coarse with broad terminal leaflet. Flowers deep yellow ; bach ol standard 
veined with red. Pedicle and calyx green, with few streaks on the upper side. 
Pods dark , seed light brown, large, round. 

Tyjje 15. Plants very early in flowering. Branching sparse. Flowers deep 
yellow ; ].)ack of standard with deep purple veins, purple spreading between veins 
in lower half of standard. Pods green ; seed white , medium. (A fixed type from, 
a cross between T. 16. 6. X T. 19.) 

Type 16. h. Plants medium in flowering. Branches spreading at an angle of 
60°, drooping. Pedicle green, faintly streaked at the base. Calyx green ; teeth, 
red. Flowers deep yellow ; back of standard with deep purple veius, purple spread- 
ing ])etween the veins in lower half of standard. Pods green ; seed brown. 

Type 17, b. Plants medium in flowering. Stem and branches reddish pni'ple. 
Brancd'ies spreading at an angle of 60°, drooping. Leaves dark green. Flowers 
deep orange yellow. Pedicle and calyx green, streaked on the upper side. Pods 
blotched with maroon ; seed purplish black, medium. 

Type IS. a. Plants early in flowering. Colour of the stem, leaves and flowers 
lighter than in Type 17. Branches erect, at an angle of 40°. Leaves dark green, 
terminal leaflet broad. (6*6 cm. /3‘0 cm.). Peduncle short (6-6 cm.). Flowers 
orange yellow ; ' pods dark ; seed purplish black. 

Typ}G 19. Plant very eaxly in flowering and ripening. Stem slender, very 
spar.sely branch ed. Branches on an average 3, erect, at an angle of 40°, arising 
very high on the main stem from 17th node which is about 42 cm. above ground. 
Leaves large {17*3 cm.) : petiole 4*6 cm. Ratio of the terminal leaflet — length / 
width — 10*3 cm,/3*3 cm. Colour dark green. Flowers deep yellow, large, 3 cm. 
Pedicle 1 cm. with dark piu’ple streaks. Calyx 1*1 cm. covered with many dark 
I streaks. Standard 2 cm./l*8 cm., its back purple. Pods wider than in 

I other types (7 cm./l'3 cm.), blotched with maroon. Seed white, broadest across 

1 ^ the hiiiim with tun prominent ridges on the latter. 

This type stands out quite clearly from the others on account of its sparsely 
branclicd habit, largo leaves, purple flowers and wide i)ods. 


•24 


STUDIES m CAJANUS IKDICUS 


Type 20. Plants late in flo-weriug. Branches erect, at iui angle of 45°. Leaves 
dark green. Pedicle covered -vritli dark purple streaks. Calyx vith many dark 
purple Streaks. Flowers deep yellow ; back of standard, purple. Pods blotched 
with maroon ; seed light brown, round. 

(ii) Arkars. 

Type 21. Plants with erect branches, arising at an angle of 45°, and curving 
inwards. Flowers yellow ; back of standard with self coloured veins ; pedicle 
and calyx green ; teeth red ; pods green,; seed distinctly white. 

Iyp)e 22. Plants with leaves, flowers, pods and seeds very large. Branching 
very sparse, high up on the main stem. Flowers yellow on short peduncles ; back 
•of standard with self coloured veins. Pods green ; seed wiiite, with two prominent 
ridges on the hilum. 

(Essentially a garden variety grown for its large pods wiiich are used as vege- 
table.) 

Type 23. Plants with erect branches, arising at an angle of 45°, and curving 
inward.?. Leaves quite distinct from those of other types. Terminal lobe broadest 
below the middle and tapering sharply towards the apex ; its joint deflexedand the 
midrib much ourvod, raising the terminal leaflet above the level of the other t-wo. 
Flowers yellow ; back of standard with self coloured veins. Pods green ; seed 
white, small. 

Type 24. Plants much branched. Branches profusely spreading, at an angle 
of 70°, Flowers yellow ; baok of standard with self coloured veins ; pedicle and 
'Calyx green. Pods green ; seed browm, small. 

Type 2o. Plants with erect branches arising at an angle of 50°, and curving 
inw^^ards. Flowers yellow; back of standard with self coloured veins. Pedicle 
and calyx green. Pods blotched with maroon ; seed wiiite, small, with tw'o ridges 
■on the hilum. 

Type 26. Plants tall (240 cm.). Branches very erect, at an angle of 30°, arising 
high up on the main stem fro'm 10th node, 26 cm. above ground. Terminal leaflet 
broad, ratio 8*2/3*2 cm. Flow^ers yellow; back of standard with self coloured 
veins. Pedicle and calyx green. Pods blotched with maroon ; seed browm. 

Type 27. Plants short, much branched. Branches erect, at an angle of 50°, 
•curving inwards. Flow^ers yellow*; back of standard with self coloured veins. 
Pedicle and calyx green. Pods blotched with maroon ; seed dark mottled- brown, 
flattened, rectangular or square. 

Type 28. Plants tall with very erect branches, arising at an angle of 30°. 
Flowers yellow ; back of standard with self coloured veins. Pedicle and calyx 
green. Pods dark. Seed white, medium. 

Type 29. Plants with erect branches, at an angle of 35°. Flow'ers yellow ; 
back of standard with self-coloured veins. Pods dark. Seed brown, large. 
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Type 30. Flowers yellow ; back of staadard veined with red. Pods large 
green; seed large white. 

Type 31. Plants with erect branches at an angle of 40®. Flowers yellow ; 
back of standard veined with red. Pods large, green. Seed large ; an attractive- 
brown colour. 

Type 32. Plants with branches at an angle of 55°. Flowers yellow ; back of 
standard veined with red. Pods blotched with maroon. Seed white. 

Type 33. Plants short, with erect branches, arising at an angle of 50°, curving 
inwards. Flowers yellow ; back of standard veined with red. Pods blotched with 
maroon. Seed brown. 

Type 34. Plants tall, branches very erect, at an angle of 30°. Flow’ers yellow ; 
back of standard veined with red. Pods dark. Seed white. 

Type 33. Plants short, much branched. Branches spreading. Flowers yellow ; 
back of standard veined with red. Pods dark. Seed light brown. 

Type 36. Plants with branches erect, at an angle of 50°. Pedicle and calyx 
green. Flow’'ers yellow ; back of standard light jjurple Pods blotched with 
maroon. Seed light brown. 

III. Improvement. 

The chief problems associated with the improvement qI Cajanus indicus are 
concerned with the production of high yielding and wilt-resistant forms. As has 
been pointed out elsewhere, this crop is subject to a great deal of natural cross- 
fertilization and, therefore, is not an easy one to work on. However, after com- 
pletion of the work of systematic examination of the forms met with in the various 
tracts and their classification into tyx^es, attention was diverted to raising x:)ure 
lines and making a comparative study of the selected types. The inferior types 
were .successively eliminated until there were but a few promising strains left, which 
were placed on trial in the conditions under which the croj) is ordinarily grown by 
the cultivator. These experiments have now reached a stage when one can speak 
more freely. E. B. 3 — a selection from Type 8 — has so consistently done well 
on the various farms where the trials were conducted, that it can safely be given 
out to the cultivator in the Nagpur Wardha plain and Berar. A considerable 
demand for this strain has already sprimg up and on the Experimental Farm, 
Nagpur, it has completely replaced all other varieties. Besides being early and 
high yielding, it is reputed to possess flavour and quality of pulse much liked by the 
public. 
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I. Introduction. 

Gram {Cicer arietimim Linn.) lias been the subject of a previous publication in 
these Memoirs i. The earlier work deals with the biology of the plant and describes 
26 different tjrpes which were isolated from seed samples collected from the Dis- 
tricts of Aligarh, Miizaffarnagar and Saharanpur in the United Provinces and a 
small part of Biha,r and Orissa round Pusa. The present paper describes another 
69 types which were collected from all over India in 1924. 

The total area in British India rmder gram in 1926-27 amounted to 14,682,000 
acres a,nd the total yield was 3,979,000 tons ; an average of about 620 lb. per acre. 
These figures do not show any material difference from those quoted by the Howards 
and Abdur Rahman Khan for the year 1911-12. The export trade is very fluctuat- 
ing ranging from about 327,000 tons (1917-18) to 4,900 tons (1921-22). 


Table I. 
Exports of gram.^ 


Year 

Total Export 

To British 
Empire 


Tons 

Tons 

1928-29 ... 

13,969 

7,208 

1927-28 . 

17,567 

8,272 

1926-27 . . . . . . . . . . 

13,992 

6,476 


1 Howard, A., liowwd, G. L. 0., and Abdur Rahman lihan.— Some Varieties of Indian Gram 
{CHcer arielimm, L.). Item. Dept. Agri. India, BoL Ser.,YQl.Vll,'!iio. Q,1QW. 

2 Annual Statement of the Sea-borne trade of British India with the British Empire and Eoreign 
countries, Vol. I. 
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Table l -contd* 
Export's of (jmm — coiitd, 


1906-07 


fcSIIAW AND ABODE EAHMAN KiiAN 

Yield AND Sterility. 

Tlic normal yield of tlie Pnsa Types 17 and 25 in Biliar is aliout lb. j-ser 
acre, tLe liig]i{,'st recorded at Pusa being 2,84J1 lb. per acre. Among tlie i'actors 
wliirdi aff(‘(tt tlie yield, of gram, tlie amount of sterility, t,e., of pods -wliicli do not' 
contain any seeds, and tlic proportion of po<lB wliieli contain more tlian one seed 
have to be reckoned. These factors vary in different types and are probably 
inherent in the types ; they are distinct from that form of sterility wliich depends 
upon the failure of pollination owing to unfavourable climatic conditions. In this 
latter case, the flowers fall of! and no pod is formed. 

Oliservatioiis on the original 25 tjyies of Pusa grams have given the, following 
percentages of sterile, oiic-seeded, and two or more seeded pods : — 

Table II. 

BteriUty in gram. 
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Table 11—mntd. 

in gmm~-c,ontdL, 


On tte average tke three best yielding Pusa types (17, 18, 26) all show a relatively 
high, proportion of pods containing 2 or more seeds, while the low yielding types 
(11 and IB) have a high percentage of sterile pods. Pods containing 2 or more 
seeds appear to be more frec[nent in the pink flowered types (11-25), w^hile sterility 
is generally lower in these types than in the white flowered types (1-12). The 
co-efficient of correlation between yield and percentage of mor<3 than 1 -seeded pods 
for the year 192G-27 for all the types is ')-0*r)7i-0907 and between yield and 
sterility — 0*61 6 ± *0835. There is obviously a seasonal variation in the amount 
of sterility which requires investigation. 

Morphological Characters. 

Habit The range in general habit in gram is w^ell illustrated in the previous 
memoir. Plants are either erect or spreading. This distinction is only apparent 
when the plants are young, at the time of flowering all types appear more or less 
erect. The habit is generally correlated with the time of maturity ; late varieties 
are generally spreading with numerous lateral branches and early varieties are 
erect with fewer lateral branches. The habit does not constitute a very definite 
character in classifying the types. 

Leaves. The types 1 to 5 of the original Pusa grams have largo lon,fl(d.s. In 
the present paper the leaflets of all types have been measured and Irnflets hfi ving 
a length of more than 15 mm. ar<3 called large; leaflets betwcf>n 11 and 15 .imm 
in leuglJi are classed as medium and below 11 mm. as small. 

The colour of the foliiige varies considerably in tlio difl'eront types. Thus 
character is best observed in the mass and should ])e schui in the early mojiiing 
with the sun behind the observer. The colour varies with the aae of the nlants 




Percentage of 

1 -seeded pod 

Percentage of 

2 or > 2-seeded pods 

Percentage of 
sterile pods 



1926-27 

1928-29 

1926-27 

1928-29 

1926-27 

1928-29 

19 . 



. 46 

47 

40 

48 

14 

8 

20 . 



38 

46 

48 

33 

14 

■ ' 21 ' 

21 . 



24. 

47 

66 

46 

10 

8 

22 . 



39 

41 

42 

41 

19 

18 

23 . 



25 

39 

60 

48 

16 

13 

24 . 



33 

41 

46 

63 

21 

6 

26 



24 

49 

61 

38 

25 

13 
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bserving the colour is when the plants are in full flower. Thr* colouj- 
ht yellowish green to dark bluish green and in many ty])es a distinct 
111 be seen. Eed colour when present generally exists on the margin 
the mid rib, in the axil of the leal:, on the petiole and more rarely 
riie degree of development of red colour is, to a considerable extent, 
he amount of sun light falling on the plant — this iharacter therefore 
environment and is not a reliable taxonomic criterion. 
lowers. The original 25 ty^pes all possess flowers wliuh are .solitary 
! ; among the new types we have found certain varieties, collected 
which have 2 flowers on each pedicel fText-fiff. 1. Tvne 831 
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Golour of the flowers. The colour of the flower (Plate I) may be white, gretnmh 
white, some shade of pink, lilac or blue. The colour changes with the age of the 
flowers and care should be taken to observe colour of fresh flowers only in tlie earlv 
part of the day. In the previous memoir the following shades of pink coloiu- were 
recognised 

(а) Standard light pink, wings violet above, pink below, with a slight bluish 
tinge (Types 14 and 19). 

(б) Standard and wings pale pink with a general bluish tinge (Type 20). 

(c) Standard light pink, wings with a bluish tinge. 

{d) Standard very light pink, wings pink with a general l)luish tinge. 

(e) Standard and wings pink with a deep bluish tinge (Type 21). 

(/) Standard and wings reddish (Type 25). 

The differences between classes (&), (c), and (d) are so slight that we ■ 
consider that the separation of these classes cannot bo reliable ; 
we therefore include all these classes as one class under (&). ' In 
addition to the above types of flower two new types were found in the 
new varieties. These were : — 

{g) Standard and wings reddish with a general bluish tinge (Type 42). 

(/i) Standard pale lilac, wings pale pink with a pronounced bluish tinge 
(Type 81). 

In all the types, except Type 1, the corolla is glabrous and caducous 
but in Type 1 the standard is pubescent and persistent. 

Pods. The average length and breadth of pods are given in the description of 
Pods measiu'ing 25 mm. or more in length are classed as large (Text-fig. 2, 
1), between 20 and 25 mm. as medium (Text-fig. 2, Type 28), and below 20 mm. 
2, Type 36). 


T.^Q T35 

Eig. 2. 

Seed. Seeds are classed according to their shape as irregular or round (Plate II). 
The surface may be smooth, puckered, granulated or rough. A rough seed, lias a 

considerably ii 




143 . 128 . 


PLATE II. 
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size and as a measure of size tlie wieglit of 1,000 seeds lias been taken. When 
1,000 seeds weigh 275 grm. or more they are classed as large, when the wtdght is 
between 175 and 275 grm. they are classed as medium and when below 175 grm. 
as small. 

The colour of seed in gram varies to a certain extent in the same plant and even 
in the same pod according to maturity, but the colour of mature grains is a very 
good constant character. The following colours have been distinguished ; — 

(1) White, (2) Light fawn, (3) Orange, (4) Reddish fawn, (5) Yellowish 
brown, (6) Reddish brown, (7) Dark reddish brown, (8) Rlaiii brown, 
(9) Brown with dark bluish tinge. 

According to the seed character, types may be classified as follows •- 


Seed colour white — 

Shape round — 

Surface slightly puckered, small 
Surface i)uckered — 

Size small . 

„ medium 

„ large .... 


. 8 . 

. 7, 9, 30, 31, 32. 
. 27, 28. 

. 1, 2, 3, 4-, 6, 2G. 


Shape irregular — 

Surface smooth, small . . . - . 

,, slightly granulated, small 

Seed colour light fawn, irregular, slightly granulated, small 
„ „ orange, smooth, small .... 

,, „ „ ,, medium .... 

„ „ reddish fawn, slightly irregular, slightly granulated, 

Seeds yellow pink, irregular, smooth, medium . 

„ „ „ „ distinctly granulated, medium 

„ brown, yellowish, ir regular, smooth, small 

„ „ ,, „ slightly granulated, small 

„ „ „ ,, rough, small. 

„ reddish „ smooth, small 

„ „ dark reddish, irregular, smooth, small . 

„ „ „ „ „ granulated, large, mutation 

„ „ „ „ „ rough, medium . 

,, plain bro'wn, round, smooth, small • 

„ broTiVn with dark bluish tinge, irregular, smooth, small . 


33. 

34. 

35. 


10 . 

36-42. 


15, 17, 19, 20, 25, 
46 to 63 and 65. 

66, 67, 82, 83, 84. 


12, 64. 

14, 16, 18, 21, 22, 
23, 73 to 78. 

79. 

44, 45. 

11,13. 

24, 80, 81' 
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Kiy TO THE Classipioation op Types. 

I. Standard persistent , . , , . « . . , . . , . 1 


II. Standard caducous — 

(A) Flowers wliite — 
o. Seed large — 

1. Grain white— 

(a) Shape round— * 

(1) Surface puckered — 
i. Pods large— 

(i) Plants early — 


Type 2 earlier than Type 3 . . . . 2 

Type 3 early but later than Type 2 . , 3 

(ii) Plants intermediate in maturity .... 26 

(iii) Plants late 4 

(iv) Plants Yery late . . . . . . 6 


6. Seed medium in size — 

1. Grain white — 

(a) Shape round — 

(1) Surface puckered — 
i. Pods large — 


Leaves very dark green . . , . , ,27 

ii. Pods medium in size — 

Leaves dark green 28 


2, Grain orange— 

(a) Shape round — 

(1) Surface smooth — 

i. Pods medium in size — 

Leaves light green 29 

Sfsed small — 

I , Grain white — 

(a) Shape round — 

(1) Surface puckered — 

i. Pods medium in size — "j 
(i) Plants early- — 


Leaves dark green 7 

(ii) Plants medium in ripening — 

(i) Leaves light green — 

habit spreading 8 

(ii) Leaves dark green — 

habit of plants erect . . , . 30 

(iii) Plants very late 9 

ii. Pods small — 

(i) Plants early — 

(i) Leaves green — 

habit of plant.? erect . . , , 31 

(il) Plants medium in maturity— 

(i) Lea ves dark green — 

habit spreading 32 
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(b) Shape of seeds irregular — 

(1) Surface smooth . d 

(2) „ slightly granulated . . . . . . 

3. Grain light fawn — 

(a) Shape irregular — 

(1) Surface slightly granulated . . . . . . 34 

4. Grain orange — 

(a) Shape round — 

(1) Surface smooth , . . . , . . . 35 

6. Grain reddish fawn — 

(a) Slightly irregular — 

(1) Slightly granulated . . . . . . . . 10 

6. Grain reddish brown — 

(a) Irregular — 

(1) Smooth . . . . 12 

7. Grain brown — 

(a) Rotmd — 

(1) Smooth 11 

(B) Flowers blue 13 

(0) Flowers pink — 

Flowers solitary — 

a. Seeds large — ^Mutation . . . , 79 

5. Seeds medium^ — 

1. Grain yellow pink — 

(a) Irregular — 

(1) Smooth — 

i. Pods medium in size — 

i. Flower sub-class B — 

(i) Plants early — 

(i) Leaves light green .... 36 

(ii) Leaves green . i . . . 37 

(iii) Leaves dark reddish green . . 38 

(ii) Plants medium in ripening — 

(i) Leaves light green .... 39 

(ii) Leaves dark green .... 40 

ii. Pods small in size — 

i. Flow-er sub-class B — 

(i) Leaves dark green 41 

ii. Flower sub-class G . . . . . . 42 

(2) Seeds distinctly granulated ...... 43 

2. Seeds dark reddish brown — 

(a) Irregular — 

(1) Rough— 

i. Flower sub-class A . . . . . . 44 

ii. Flower sub-class B — 

• (i) Plants early — 

Leaves dark green — 

A^xlred , . . . . , 45 
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c.. Seefis small — 

1. Grain yellowish brow turning to ted brown — 

(a) Shape irregular— 

(1) Surface smooth— 

i. l^ods medium, . . . . . , . 4l» 

ii. Pods small— 

i. Flower class A — 

(i) Plants early — 

(i) Leaves dark green — 

No red colour in the axil . . 47 

Occasional red in the axil . . 48 

Distinct red colour in axil . . 49 

(ii) Plants medium in maturity — 

(i) Leaves light green . . . . 60 

(ii) Leaves green . . . . . 61 

(iii) Leaves dark green . . . . 16 

(iv) Leaves reddish dark green , 62 

(iii) Plants late — 

(i) Leaves light green — 

Slight red colour in the axil . 19 

(ii) Leaves yellowish green — 

No red colour in the axil . . 17 

is. Flower class B — 

(i) Plants early — 

(i) Leaves green , , , 63 

(ii) Leaves dark green — 

No colour in the axil . 64 

Slight colour in the axil , 06 

Distinct colour in the axU 66 

(iii) Leaves very dark green . , 20 

(ii) Plants medium in maturity — 

(i) Leaves light green . . 67 

(ii) Leaves green ... 68 

(iii) Leaves dark green . . 69 

(iii) Plants late — 

(i) Leaves light green . . 60 

(ii) Leaves green . . • 61 

iii. Flower class F— 

(i) Plants early — 

(i) Leaves light green .... 62 

(ii) Plants medium in maturity — 

(i) Leaves green ... .63 

(ii) Leaves dark green . . . . 26 

iv. Flower class G — 

(i) Plants early — 

(i) Leaves dark gteen — 

Slight colour in the axil . . 64 

Considerable colour in the axil . 66 

(2) Seeds slightly granulated — 

i. Pods small — 

i. Flower class A — . 

(i) Plants early — 

(i) Leaves dark green . . . , 66 

ii- Flower class B — . , . , . . 67 
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(3) Seed surface rough — 

i. Flower class B ♦ , , . . . 68 

ii. „ „ E — 

(i) Plants early — 

{i) Leavesdarkgreen— 

Slight colour in the axil « . 69 

moderate colour in the axil . 70 

(ii) Leaves very dark green . . . 71 

iii. Flower class Q , ... . . 73 


2. Seeds dark reddish bro wn — 

(a) Shape irregular— 

Surface smooth — 

i. Pods small^ — 

i. Flower class A — 

(i) Plants medium in maturity- 
(i) Leaves light green — 


Plants erect . , . , 18 

Plants spreading . . , 16 

(ii) leaves green— 

No colour in the axil . . . 73 

Red colour in the axil . . 74 

(iii) Leaves reddish dark green . . 75 

(ii) Plants late — 

(i) Leaves light bluish green . . 23 

(ii) Leaves dark green . . . . 14 

ii. Flower class B — 

(i) Plants early — 

(i) Leaves light bluish green . . 32 

(ii) Leaves dark green . . . . 70 

(ii) Plants late — 

(i) Leaves dark green , . . . 21 

iii. Flower class G — 

(i) Leaves green, early in maturity . 77 


(ii) Leaves dark green medium in maturity 78 

3. Seeds dark bluish brown — 

(a) Shape irregxilar — 

(1) Surface smooth — 

i. Pods small — 

i. Flower class E 24 

ii. Flower class G . » « . . . 80 

iii. Flower class H . , , . , Si 

Flowers two on a peduncle — 

». Seeds small — 

1. Seeds Yellowish Itrown turning to reddish brown W'ben mature — 

(a) Shape irregular — 

(1) Surface slightly granulated — 

i. Pods medium in size . . . , , , 82 

ii. Pods small — 

i. Flower class A . » • « * . S3 

ii. Flower class F » # ♦ ♦ ♦ 84 





m : ^ ^ SOME VAEIETIES OP INDIAN GRAM 

Description op the Types.^ 

Type 1. Very late ; habit erect ; leaves dark green, leaflets largo (16*2 X 10-3 
min.) ; flowers large, solitary, greenish white ; standard persistent, pubescent, 
green with a greenish white eye ; wings slightly pubescent, wliite with a greenish 
tinge at the edges ; keel glabrous, white ; pods large {26*9 X 17-9 mm.) ; schkIs large, 
white with a reddish yellow tinge, round, puckered, weight of 1,000 seeds 
grm. (}?latc I). 

Tyi:)e 2. Early ; habit erect ; leaves dark green, leaflets large (17*6 X 13-2 nim.) ; 
flowers large, solitary, white ; standard caducous, glabrous ; wungs glabrous ; pods 
large (20*8x18-9 mm.); seeds large, white with a reddish yellow tinge, round, 
puckered, weight of 1,000 seeds 408*5 grm. (Plates I and II). 

Type 3. This type differs from Type 2 only in the time of maturity which is a 
little later. 

Type 4. Late ; habit erect; leaves dark green, leaflets large (17*6 x 12*6 mm.) ; 
flowers large, solitary, white; standard caducous, glabrous; wings glabrous; pods 
large (27*6 Xl9‘3 mm.) ; seeds large, white with a reddish yellow tinge, round, 
puckered, weight of 1,000 seeds 392*0 grm. 

Type 5. Very late ; habit erect ; leaves very dark green, leaflets large (21*3 X 
15*4 mm.) ; flowers large, solitary, white ; standard caducous, glabrous ; pods large 
(27*7x18*6 mm.) ; seeds large, white with a reddish yellow tinge, round, puckered, 
weight of 1,000 seeds 399*5 grm. 

Type 6. Early ; habit somewhat spreading ; leaves very light yellowish green, 
leaflets small (9*7 X 6*0 mm.); flowers small, solitary, white; standard caducous, 
glabrous ; pods medium in size (24*3x16*4 mm.) ; seeds small, white with a yellow 
tinge, irregular, smooth, weight of 1,000 seeds 126*0 grm. 

Type 7, Early; habit spreading; leaves dark green, leaflets small (8*4 x 5*0 
mm.) ; flowers small, solitary, white ; standard caducous, glabrous ; pods medium 
in size (20*3 X 12*9 mm.) ; seeds small, white, with a yellowish tinge, round, puckered, 
weight of 1,000 seeds 120*0 grm. 

Type 8. Intermediate in time of maturity ; habit spreading ; leaves light green, 
leaflets medium in size (13*2x7*7 mm.) ; flowers small, solitary, white ; standard 
caducous, glabrous ; pods medium in size (22*3x13*7 mm.) , seeds small, white with 
a yellowish tinge, round, slightly puckered, weight of 1,000 seeds 123*6 grm. 

Type 9. Very late ; habit very spreading with numerous side brandies ; leaves 
very dark green, leaflets small (8*9 x 6*0 mm.); flowers small, solitary, white ; 
standard caducous, glabrous: pods medium in size (20*5x13*0 mm.) ; seeds small, 
white with a yellowish tinge, round, puckered, weight of 1,000 seeds 114*5 grm. 
This type is of interest in that, inspite of its deep root system, which is a disadvan- 
tage at Pusa, it has so far given the highest monetary return per acre. In this form 
yield and quality arc united in the same type. 


The descriptions of Types 1 to 25 are based on thoso in tlio jn'evious Memoir with the aclditiou 
of some characters a^d slight laodifipations in flower colour. 
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Type 10. Early ; habit erect ; leaves dark green, leaflets medium in size (11*3 
X()-6 mm.) , flowers small, solitary, Avhite ; standard caducous, glabrous ; pods small 
(lS‘SxlTS mm.) ; seeds small, reddish fawn, slightly ii.Tegulai‘, slightly granulated, 
weight of 1,000 seeds 92-0 grm. (Plate II). 

Type 11. Very early as rc'.gards flowering, buii late in maturing ; habit- very 
erect; leaves very dark green, leaflets medium in size (12*Gx7-2 nmi.) ; flowers 
small, solitary, white ; standard caducous, glabrous; pods small (17‘4Xl2*5 mm.) ; 
seeds small, bluish, brown ; round, smooth, weight of 1,000 seeds 107 grm, 
(Plate 11). 

Typo 12. Very early as regards flowering but late in maturing ; habit erect ; 
leaves light green, leaflets medium in size (12‘5x7*2 mm.) ; flowers small, solitary ; 
white; standard caducous, glabrous; pods small (18*2 Xl2’0 mm,); seeds small, 
reddish brown, irregular, smooth ; weight of 1,000 seeds 126 grm. (Plate 11). 

Type 13. Very early ; habit erect, leaves very dark green, leaflets medium in 
size (1 2*1 X 7-2 mm.) ; pedimcles dark blue ; flowers small, solitary, Hue fading to 
dark blue ; standard caducous, glabrous ; light blue with a somewhat yellowish light 
blue eye and violet veins ; wings deep blue ; keel blue ; pods small (18-2 x 12-2 mm.) ; 
seeds small, bluish brown, round, smooth ; weight of 1,000 seeds 105’O grm. 
(Plate I). 

Type 14. Late , habit slightly spreading ; leaves dark green with slight redness 
on the teeth of leaflets and on the midrib, leaflets medium in size (11*5 X 7*0 mm.) ; 
flowers small, solitary, pink ; standard caducous, glabrous, light pink, wings violet 
above, pink below with slight bluish tinge; pods small (17*1 X 12*2 mm.) ; seeds 
small, dark reddish brown, irregular, smooth, weight of 1,000 seeds 118*5 grm. 
(Plate I). 

I’ype 15. Intermediate in time of maturify ; habit erect ; leaves dark green, 
leaflets small (9*6 X 5*8 mm.) ; flowers small, solitary, pink, standard caducous, 
glabrous, light pink, wings violet above, pink below with slight bluish tinge ; 
pods small (17*0x11*7 mm.); seeds small, yellowish, brown turning to reddish 
brown on maturity, irregular, smooth, weight of 1,000 seeds 106*5 grm. 

Type 16. Intermediate in time of maturity ; habit slightly spreading ; leaves 
light green with slight redness on the teeth of the leaflets and on the midrib, leaflets 
medium in size (11*2x7*0 mm.) ; flowers small, solitary, pink, standard caducous, 
glabrous, light pink, wings violet above, pink below with slight bluish tinge ; pods 
small (17*9x12*1 mm.) ; seeds small, dark reddish brown, irregular, smooth, weight 
of 1,000 seeds 128*0 grm. 

Type 17. Late ; habit slightly spreading ; leaves yelloiwish green with, slight 
redness on the apices of the teeth of the leaflets, midrib reddish, leaflets medium in 
size (11*3x6*1 mm.); flowers small, solitary, pink, standard caducous, glabrous, 
light pink, wings violet above, pink below with slight bluish tinge ; pods small 
(19*7x1-3*0 mm.); seeds small, yellowish brown turning to reddish brown when 
mature, irregular, smooth ; weight of 1,000 seeds 125*5 grm. 
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Type JH. Intcrmedkfco in time of maturity; lialdt oreet ; 1 o:u'ck light grcn, 
slight reddening on tlic margins of the leaflets u.iid deeper rorhh'umg (Hi tin* undrihs 
leaflets medium in sm', (14-7 x7-2 mm.); flowers stnall, soiilury, pndy sti^uhn-d 
caducous, glabrous, light pink, wings violet above, piidv be.low with slight, bluish 
tinge; pods small (l8-2xl2‘7 mm.); seeds small, dark reddish brown, UTegular, 
smooth, weight of 1,000 seeds 122'() grm. 

Typo 19. Late ; habit erect ; leaves light green, leaflets .mn.dl ( i 04) x b-T mm.) ; 
slight red colour in the axil of leaves ;.flowers small, solitary, pink, standard (‘.udueous, 
glabrous, light jiink, wings violet above, pink below with sligiit bluish tinge , pods 
small (19-2x124 mm. ); seeds small, yellowish brown, irn-gular, smooth, weight of 

1,000 seeds 109-5 grin. , 

Type 20. Early ; habit very erect ; leaves very dark green with slight reddening 
of the margins of the teeth of the leaflets, leaflets small (10- j x5-9 nun.) ; flowers 
small, solitary, pink, standard and wings jiale pinlc with a geiierid hhiisli tinge, 
standard caducous, glabrous ; pods small (19-8 X 12-5 mm.) ; seeds siuidh yellowish 
brown turning to reddish hrown when nmtiire, irregular, sniouth, weight of 1,000 
seeds 124-6 grm. (Plate!). 

Type 21." Late ; habit somewhat erect ; loav<!s dark green witli seme rcMliiess 
on the teeth of the leaflets which is strongly developed on the midrib and in the angle 
at the base of the side branches, leaflets medium in size (12-8x6-f> mm.) ; flovers 
small, solitary, pink, standard and wings pale pink witik a gene-rid bluish tinge, 
standard caducous, glabrous; pods small (18-2x18-2 inin. ); seeds small, thuk 
reddish brown, irf^ular, smooth, weight of 1,000 siusJs 122-0 gnu. 

Tyi'ie 22.. Eiirly , luihit erect ; Inives light bluish gre.en, ie-.-iflets siimll (I0-0>':b*6 
■ mm.) ; flowers small, solitary, ])iiik, standard and wings ]i;i.h,‘ pink with a general 
'•bluish tinge; standard caducous, glabrous; pod.s .small (16-.!;; 12-1 mm.); .sctals 
'small, dark reddish brown, irregnlar, .smooth, weight of 1,000 si'.eds 120-0 grm. 

(Plate III.) 

Type 23. Late ; habit erect ; leaves light bluish green, loiillets medium in size 
(11-6x6-8 mm.), flowers smalfl solitary, pink, ,st;i,ndiu.*d eadiicou.s, glabrous, light 
pink, wings violet above, pink behnv \vitli .sliglit iiluish tinge ; pods small (J9-1 X 13-1 
mm.); seeds small, dark reddish brown, irregular, smooth, weiglit of 1,000 seeds 
126-0 grm. 

Type 24. Late ; habit erect ; leaves light green, leaflets medimn in size (J 1-3 X 
7-0 mm.) ; flowers small, solitary, pink, standard and wings pink with deep blui.'.ih 
tinge, standard caducaii.s, glabrous; pod.s small (18-5 xLLl mm.): seeds small, 
very dark brown, irregular, smooth, weight of 1,000 seeds 112-0 gem. (.Plates 1 
and II). 

Type 25. Intermediate in maturity ; habit erect ; leaves dark- green, leaflets 
medium in size (Il-lx6'5 mm.) ; flowers small, solitary, pink, .staiid;i-rd uaul wings 
reddish, standard caducous, glabrous; pods small (19-8x12-7 mm.) ; seeds sma,ll, 
yellowish brown turning to reddish brown when mature, irregular, .smooth, wflght 
of 1,000 seeds 113-2 grm. (Plate I). 


I 


PLATE III 
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erect; leaves dark green, leaflets 
, l'.' ! ■’‘’’^*“>■77 white ; standard caduceus, glabrous ; 

s -eti e {^o 17'1 mm.) ; seeds large, white with a reddish yellow tinge, round, 

puckvivd, weight of 1,000 seeds 303-0 grm. 

Type 27. Intermediate in time of maturity; habit erect, leaves very dark 
g|een, Joadofe medium in si^^e (14-3x0-2 mm.); flowers medium in size, .solitary, 
nil., smndard cmlneous, glabrous; pods large (25-2X16-3 mm.); seeds medium 
m size, white, romul, ]iiickGred, weight of 1,000 seeds 252-() grm. 

i}])( .IntormialiatH in maturity; habit erect; leaves dark green, leaflets 
JneUmm m size (13-3x8-3 mm.) ; flowers medium in .size, solitary, white, standard 
iNidneoiLs, glabrous: pods medium in size. (22-8x14-5 mm.); seeds medium in size, 
uliite, round puckered, weight of 1,000 seeds 193-5 grm. (Plate II). 

Tjpe 29.^ Intermediate in maturity ; habit erect; leaves light green, leaflets 
meciuim in size (13-1x8-0 mm.) ; flowers medium in size, solitary white, standard 
ucous, g cl broils , pods medium in size (24-6x13-7 mm.) ; seeds medium in size 

o;ranp,round,.smootli, weight of 1,000 seeds 214-0 grm. (Plate II). 

Intermediate in time of maturity; habit erect; leaves dark green* 
leaflet.s medium in size (13-Ox 8-0 mm.) ; flowers small, solitary, white, standard 
oadiiuous, gdabrous ; pods medium iu size (22-7x 15-5 mm.) ; seeds small, white with 
yellowish tinge, round, puckered, weight of 1,000 seeds 168-0 grm. 

I vpe 31, Early ; habit erect ; leaves green, leaflets medium in size (11-6 X 6-9 
n 0^0 ’ i solitary, white, .standard caducous, glabrous; pods small 

f small, white with a yellowish tinge, round, puckered, weight 

ol 1,000 seeds 123-0 grm. 

Type 32 Intermediate in time of maturity; .spreading; leaves dark green, 
leaflets medium in size (11-7x6-6 mm.); flowers small, solitary, white, standard 
cadiicoii.s, glabrous ; pods small (18-9 x 12-9 mm.) ; seeds small, white with yellowish 
tmge, .round, puckered, weight of 1,000 seeds 138-5 grm. . 

Type 33. Intermediate in time of maturity ; habit erect ; plants taller than 
l.ypc‘ 84 ; leaves dark green, leaflets medium in size (14-4 X 9-5 mm.) ; flowers small, 
solitary, wlnte, standard caducous, glabrous ; pods medium in size (22-1 x 14-4 mm.) ; 
.seeds .small, wlute with yellowi.sh tinge, .ua-egular, slightly granulated, weight of 
1,000 seeds 161-0 grm. 

Type 31. lutoimediate in time of maturity ; habit .spreading ; leaves dark 
gie(-n, leaflets med.ium in size (11-9x7-5 mm.); flowers small, solitary, wh’te, 
stauiiciiT! etuliicoiis, glabrous ; pods medium in size (21-3xl3-4 mm.) ; .seeds .small, 
light fawn, nivgiiUv, sliglitly gran dated, weight of 1,000 seeds 125-5 grm, 

l.vjK;^ ,5f). .Late ; slightly spreading ; leaves dark green, leaflets large (15-5x 10-8 
mill.) , flovvers small, .solitary, Avhite, standard caducous, glabrous , pods medium 
m size (20-3x15-9 mm.) ; seeds small, orange, .round, smooth, weight of 1,000 seeds 
1/0-0 grm. 
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Typo 36. lllarly ; oreof-. ; loaves light green, leaflets Tnedhnn in size (1.5’0x7*6 
mm.); flowers large, solitary, pink, standard and wings pale pink with a general 
bluish tinge, standard caduoous, glabrous ; pods medium in size (21*rjXl4-8 mm.) ; 
seeds medium in size, yellow pink, irregular, smooth, weight of 1,000 s(’icds 222*0 
grm. 

Type 37. Early ; ereot ; leaves green, leaflets medium in size {11*4 X i 0*5 mm.) ; 
flowers large, solitary, pink, standard and wings pale pink with a genoral bhiisli 
tinge, standard caducous, glabrous ; pods medium in size (20*8x14*3 mm.) ; seeds 
medium in size, yellowish pink, irregular, smooth ; weight of 1,000 seeds 222*0 grm. 

Type 38. Early j erect ; leaves dark reddish green, leaflets medium in size 
(11*9x8*0 mm.) ; flowers large, solitary, pink, standard and wings pale pink with 
a general bluish tinge ; standard caducous, glabrous ; pods medium in size (22*0 
Xl4*6 mm.); seeds medium in size, yellowisb pink, wregular, sniootb, weight of 
1,000 seeds 220*0 grm. 

Typo 39. Intermediate in time of maturity, spreading ; leaves light green, 
leaflets medium in size (13*0x7*9 mm.) ; flowers large, solitary, pink, standard 
and wings pale pink with a general bluish tinge, standard caducous, glaljrous ; puds 
medium in size (20*4x14*5 mm.) ; seeds medium in size, yellowish pink, irregular, 
smooth, weight of 1,000 seeds 262*0 grm. 

Type 40. Intermediate in time of maturity, spreading ; leaves dark green, 
leaflets medium in size (12*1x8*2 mm.); flowers large, solitary, pink, standard 
and Wigs pale pink with a general bluish tinge, standard caducous, glabrous , pods 
medium in size (22*8x15*3 mm.) ; seeds medium ir size, yellowish pink, irregular, 
smooth, weight of 1,000 seeds 242*5 grm. (Plate II). 

Type 41. Intermediate in time of maturity ; erect ; leaves dark green, leaflets 
medium in size (14*9x8*1 mm.) ; flowers medium in size, sohtary, pink, standard 
and wings pale pink with a general bluish tinge, standard caducous, glabrous ; pods 
small (19*7x1 4*5 mm.); seeds medium in size, yellowish pink, ir'regular, smooth, 
weight of 1,000 seeds 237*5 grm. 

Type 42. Early, erect ; loaves very dark reddish green, leaflets medium in 
size (12*9x7*3 mm. ) ; flowers large, solitary, pink ; standard and wings reddish 
with a general bluish tinge, standard caducous, glabrous ; pods small (19*3 X 13*9 
mm.) ; seeds medium ir. size, yellowish pink, irregular, smooth, weight of 3.,0Q0 
seeds 210*0 grm. (Plate I). 

Ty])e 4S. Intermediate in tinm of maturity, erect; leaves dark green, leaflets 
medium in size (14*0x8*7 mm.); flowers medium in size, solitary, pink, standard 
and wing pale pink with a general bluish tinge, standard caducous, glabrous ; pods 
medium in size (22*6x14*3 mm. ); seeds medium in size, yello wish pink, irregular, 
distinctly granulated, \Yeight of 1,000 seeds 180*0 grm. (Hate IT). 

T}n[.)e 44. Early, erect ; leaves very dark green, leaflets medium in size (14*7 
X8*4 mm.) ; flowers medium in size, solitary, pink ; standard caducous, glfi.broiis, 
light pink, wings violet above, pink below with slight bluish tinge, pods small (19*9 
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X13-4- inm.) ; seeds medium in size, dark reddish brown, iiregiilar, rough, weight 
oi 1,000 seeds 187-5 grm. 

Type 45. Early, erect; leaves dark green, leaflets medium in size (1 1*6 X 6*6 
mm.) ; leaf axil red ; flowers medium in size, solitary, pink ; standard and wings 
pale pink with a general bluish tinge, standard caducous, glabrous ; pods small 
(19-9 X 13*4 mm.); seeds medium in size, dark reddish brown, irregular, rough, 
weight of 1,000 seeds 186*5 grm. (Plate 11). 

Type 46. Late, erect; leaves dark green ; leaflets small (10*1x5*3 mm.); 
flowers small, solitary, pink, standard and wings reddish, standard caducous, 
glabrous ; pods medium in size (20*1x13*1 mm.); seeds small, yellowish brown 
turning to reddish brown ’when matme, irregular, smooth, weight of 1,000 seeds 
118*5 grm. 

Type 47. Early, erect ; leaves dark green, leaflets medium in size (11*7 x5*7 
mm.) ; flowers small, solitary, pinlv, standard caducous, glabrous, light pink, wdngs 
violet above, pink below vdth a slight bluish tinge ; pods small (17*9x12*2 mm.) ; 
seeds small, yc'llo wish brown tanning to reddish browm on maturity, irregular, smooth, 
weight of 1,000 seeds 134*5 grm. 

Type 48. Differs from Type 47 only in having occasional red colom* in the axil 
of leaf. 

Type 49. Differs from Typje 48 in having distinct red colour in tbe axil of leaf, 
and darker colour of the foliage, weight of 1,000 seeds 108*0 grm. 

Tj'pe 60. Intermediate in time of maturity ; erect ; leaves light green, leaflets 
small (10*8x5*8 mm.); flowers small, solitary, pink ; standard caducous, glabrous, 
light pink, wings violet above, pink below, with a slight bluish tinge, pods small 
(17*0x12*0 mm.) ; seed small, yellowish brown, irregular, smooth, weight of 1,000 
seeds 109*5 grm. 

Type 51. Intermediate in time of matmity, erect , leaves green, leaflets small 
(9*6 X 6*9 mm.); flowers small, solitary, pink; standard caducous, glabrous, light 
pink, wings violet above, pink below, wdtli a slight bluish tinge ; pods small (19*3 
X l2*3 mm.) , seeds small, yellowish brown, irregular, smooth, weight of 1,000 seeds 
116*0 grm. 

Type 52. Intermediate in time of matmity, erect ; leaves very dark I’eddish 
green ; leaflets small (8*7 X 5*5 mm.) ; flowers medium in size, solitary, pink, standard 
caducous, glabrous, light pink, wings violet above, pink below with a slight bluish 
tinge ; pods small (18*4x12*0 mm.) ; seeds small, yellowish brown, irregular, smooth, 
wei.glit of 1,000 seeds 107*0 grm. 

Type 53. Early, erect ; leaves green, leaflets medium in size (11*7x6*4 mm.) ; 
flowers medium in size, solitary, junk ; standard and wings pale pink with a general 
bluish tinge, standard caducous, glabrous ; pods small (18*6x12*6 mm,); seed 
small, yellowish brown, irregular, smooth, weight of 1,000 seeds 132*0 grm. 

Type 54. Early, erect ; leaves dark green, leaflets small (8*7 X 5*0 mm.) ; flowers 
small, solitary, j^ink, standard and wings pale pink with a general bluish tinge, 
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stancln,rd cadunons. glabrous; pods small (17*()XliJ'3 imn.) ; s(Mi<is sniali,, ytdlowisb 
brtnvn, irregular, sinootli, weigJit of 1,000 seeds 1.05-2 grm. 

Tj^po 55. Differs from Typo 54 only in liaviug slight reel eolour in the leaf axil, 
weight of 1,000 seeds 129-0 grm. 

Type 50. Differs from Type 55 only in having distinct red colour in the leaf 
axil, weight of 1,000 seeds 137*5 grm. 

Typo 57. Intermediate in time of maturity, ei-eot ; leaves liglit green, Icaffets 
small (10-8x5-4 mm.) ; flowers small, solitary, pink, standard and wings pale pink 
with a general bluish tinge, standard cadiieous, glabi’ous , pods siriall (17-9x11 *7 
mm.) ; seeds small, yellowish brown, irregular, smooth, weight of 1,000 seeds 
118-5 g.i’m. 

Typo 58. This type differs from Type 57 in having green leavtis and also in size 
of leaflets wliicl> is medium (12-1 x7'l mm.) ; weight of 1 ,000 seeds 133-0 grm. 

Type 59. This type differs from Type 58 in having dark green leaves onl v, weight 
of 1,000 seeds 137-5 grm. 

Type 60. Late, erect; loaves light green, leaflets small (I(t5x5'7 mni.) ; 
flowers small, solitary, pink, standard and wings pale pink with a. general bluish 
tinge; standard oadneons, glahious ; pods small (17*8x1 1-5 nim.) ; seeds small, 
yellowish brown tinning to reddish hrown, irregular, smooth, weiglit of 1,000 seeds 
120*5 grm. 

Type 61. It differs from Tvpe Go in having gree-a leaves ; weight of 1,000 seeds 
108-(i grm. 

Type 62. Early, ercet ; leaves light gremi, leaflets small (9*4 x 5*3 mm.) ; flowers 
small, solitary, pink, standard and wings reddish; stamhird caducous, glahroiis ; 
pods small (17*6 X 12*9 mm.) ; seeds small, yellowish Inown turning to reddish browjx 
when mature, irregular, smooth, weight of 1,000 seeds 138-0 grm. 

Type 63. Tnterniodiate in time of maturity, hahit erect ; leaves g.roen, leaflet, s 
medium in .size (11-7x6-5 mm.) ; fiower.s medium in size, solitary, pink ; standard 
and wings reddisli, standard caducous, glabrous; pods .small (18-6x12-9 run),); 
seeds small, yellowish lirown, turning to reddish brown wlie.n mature, irregular, 
smooth, weight of 1,000 seod.s 131*2 grm. 

Type 64. Early, habit erect; l,6ave.s dark green, leafitit.s medium in size (11-2 
X6-G mm.) ; .slight red, colour in axil ; flowers .small, solitaiy, ])ink ; standard and 
■ wings reildisli with a general Idue tinge, stajulard caducous, glabrous ; ])ods .small 
{19-5X13-5 mm.) ; seeds small, reddish hrown, irregular, smooth, weight of 1,000 
.seed, s 144-7 grin. 

Type 65. Early, hahit erect, loaves <lark green, leaflets .smalj in size (9-0 X 8-0 
mm.) ; considerable red colour in the axil ; flowers small, solitary, pink* ; standard 
and wings reddish with, general blue tinge ; standard caducous, glabrous ; ])ods 
small (19-3x13*0 mm.); seeds small, yellowish brown, irregular, .smooth, weight 
of LOGO seeds 158-0 grm. ■ 
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^l0W('r.s tiiUij.i], solit.y,r\' 

above, ]>eIow wjtli 

small, yellowisii br(K\'u tiir?iiii! 
gramiloted, weight, of J ,00(} 

Typo 07. Early 
b-o mni.) ; Hewers snia,ll, solit; 
bjui.sh tinge, stand, -ml c.adinjous. 
arnull, ytillovvisli loxnvn turning 1 
granulated, weight of J,()0d seeds I j.2> 

Type Od. Ea.rly 
mm.) ; fJewers sniail, solit; 
bluish tingt', stinidarel Cidluno 
small, yellowish brown turiiin; 
weight of ],00(> s<ieds I43’0 grin. 

lype Oh Early ereet ; leaves dark green, lea.llet,s me;!iiiiu in ske (iJ-0/;7-I 
mm.) , slight red eolour in the leaf flowers small, so'ltar^ . pink ; sbindard 

(1. 3xi.3d) mm.); seeds small, ycllowi.sh brown turning to reddish brown when 
mature, irregular, rough, weight of 1,000 seeds 159-0 grm.' 

Type 70. Thk typo diifors Irom Typo 09 only in Jniang modorato red roloiu 

in the leal axil ; weight of ], 000 seeds 102*5 grm. 

Typo 71 This type differs from Type 70 in having very darlcer green leaves 
and smaller leaflets (10-8x(3-5 mm.) , weight of 1,000 seed.? I3S-2 grm. 

lVp<y2. Early ; habit erent ; leaves very dark green, leafloil small (10.7x6-8 
mm.), flowers medium m .size, solitary, pink, standard and wings reddish wdth a 
general blue tinge: standard eaducoiis, glabrous; pods small (]S.9)<13-1> nmi)- 
seeds snial , ye owi.«h brown turning to reddish brown when mature, irremilar, roimii 
w eight of 1,000 seeds 1 / -ho gnu. (Plate 11). ^ ■ cs 5 

Type 73. ^ Intermediate in time of maturity ; habit erect ; leaves green, leaflets 
medmm m size (12*3 X 5*9 mm.) ; flowers medium in size, solitary, pink, stiindcard 
ca,duGous, glabrous, hglit pink, w'ings violet above, niuk below, wdth a slifdit blrd^T-. 


erect; leaves dark green : leaflets small (I0*7x0* 
pink; standard caducoms, glalirmis, light jiiuk, wii 
■a a light bluish tinge ; pack small (17*3>' 13*2' niio 
...,ag to reddi.sh. Inwii W'hen mature, irregular 
seeds 1 43*0 grm. (Plate II). 

M'cet ; leaves very dark green, leaflets .medium in six 
ur)’, pink ; standard and wings pjde ]>iidc with 
pabrous; pods .small (18-Ox 12*6 mii 
to reddish brown v/hen m.iture, irregular 
M .1.12*7 grm. 

liiibit erect; leaves dcark green, leaflets .small (: 
■ary, pink, standard and wings pale ]tijik witl] i 
ras, glabrous; ;pad.s small (19*0x13*0 mm 
g to reddisb brown wlien ma.tnre, irix-gnla: 
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gGizeral bliiish tinge, standard caclucous, glabrous ; pods small (LS-Oxl2-4 ram.); 
seeds small, dark reddish brown, irregular, smooth, weight of 1,000 sovxh 127*7 grm. 

Type 77, Early, habit erect; leaves green, leaflets medium in size (11*3x0*7 
mm.) ; flowers medium in size, solitary, pink, standard caducous, glabroiis, standard 
and wings reddish with a general bluish tinge ; pods small {18*0 x 12*8 mm.) ; seeds 
small, dark reddish brown, irregular, smooth, weight of 1,000 seeds 141.-5 grm. 

Type 78. Intermediate in time of maturity ; habit erect ; leaves dark green, 
leaflets medium in size {12‘6x6*6 mm.); flowers medium in size, solikiry, pink, 
standard and wings reddish with a genera! blue tinge, standard caducous, glabrous ; 
pods small (18*1 X 12*8 mm.); seeds small, dark reddish brown, irregular, smooth, 
weight of 1,000 seeds 160*0 grm. 

Type 79 (mutation in Type 22). Very late in time of maturity, habit erect ; 
leaves light green, leaflets very large (16*2x9*6 mm.); red colour in tlic a,xil 
moderate ; flowers large, solitary, pink, stamlard and wings pinlc with a dec^]) bluish 
tinge, standard oaducous, glabrous ; pods very large (31*4x22*6 mm.) ; seeds large, 
dark reddish brown, irregular, granulated not well filled up, (Plate 111). 

Type 80. Intermediate in time of maturity; habit erect; leaves dark green, 
leaflets medium in size (11*1 X 6*8 mm.) ; distinct rod colour in the axil and at the 
base of new branches ; flowers medium in size, solitary, pink, standard and wings 
reddish with a general bluish tinge, standard caducous, glabrous ; pods small (17*4 
Xl3'2 mm.) ; seeds small, dark bluish brov/n, irregular, smooth ; weiglit of 1,000 
seeds 135*0 grm. 

Type 81 . Intermediate in time of maturity ; halu't erect ; leirves dark green, 
leaflets medium in size (13*3x6*5 mm. ) ; very sliglit red colour in a,xil , flowers 
medium in size, solitary, pink, standard caducous, glabrous, pale lilac ; wings pale 
pink with a pronounced bluish tinge; pods small (18*1x12*5 mm.) ; sec'ds small, 
dark bluish brown, irregular, smooth ; weight of 1,000 seeds 132*0 grm. (Plate 1). 

Type 82. Intermediate in time of maturity ; habit erect ; loaves groon, leaflets 
medium in size (11*6x6*9 mm.) ; flow^ers medium in size, two on a pedicel, pink, 
standard and wings reddish ; standard caducous, glabrous : pods medium in size 
(20*8x13*2 mm.); seeds small, yellowish brown turning to reddisli brown wlien 
mature, irregular, sbglitly granulated ; w'eiglit of 1,000 seeds 136*0 grm. 

Type 83, Intermediate in time of maturity ; habit erect ; icfwes dark green, 
leaflets medium in size (12*2x7*3 mm.) , flowers medium in size, two on a pedicel, 
pink, standard caducous, glabrous, light pink, wings violet above, pinlc below with 
a slight bluish tinge ; pods small (19*7x13*3 mm.) ; seeds small, yellowish brown 
turning to reddish brown when mature, irregular, slightly granulated ; wcught of 
1,000 seeds 133*7 grm. 

Type 84. Intermediate in time, of maturity ; habit erect ; loaves dark green, 
leaflets medium in size (11*3x6*8 mm.) ; sometimes red colour in axil and at the 
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base of brandies; flowers medixim in size, two on a pedicel, pink, standard and 
wings reddisb, standard caducous, glabrous ; pods small (18'4xr2-3 mm.) ; seeds 
small, ycdlowisli brown turning to reddisb brown wben mature, irregular, sligbth- 
gramdated ; weight of 1,000 .seeds 131*0 grm. 
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ERRATA. 

Memoirs of the Department of Agricnlture in fnclia, Botanical Berios, Volume. 
XVII, Xo. 2, October 1928, pages 22 and 26, foot-notes 7 and 2 respectively. 

For— 

Sabasrabudhe, D, L., and Daji, J. A. Nitrogen recuperation in the Bombay 
Deccan, Part I. De-pU Agri. India, Metn. Ohem. Series, Vol. VIII, p. 67, 1925 

Read — 

Rosen, H. R. Efforts to determine tbe means by wliich the cotton wilt fungus, 
Fusarimn vasinfectum, induces wilting. Jour. Agri. Res., Vol. 33, pp. 1143-1162, 
1926, 
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